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03/21/97 

'^f- ^POSniTOf-j ASED INTEGRATED MOTION CONTROLLED CURVE SAWING 

FIELD OF THE IN VENTION 

This invention relates to a mefliod and a device for saWing lumber from v/orkpieces 
such as cants, and in particular relates to a cant feeding system, for the breakdown of a two-sided 
cant according to an optimized profile. 



BACKGROUND 



It is known that in today's competitive sawmill environment, it is rlosirable to 
quickly process non-straight lumber so as to recover the maximum volume of cut lum jer possible 
from a log or cant. For non-straight lumber, volume optimization means that, with reference to 
a fixed frame of reference, either the non-straight lumber is moved relative to a . ^trngsaw of 
15 ch-cular saws, or the gangsaw is moved relative to the lumber, or a combination of >>oth, so that 
the saws in the gangsaw may cut an optimized non-straight path along the lumber, so-r illed curve- 
sawing. 

Advances in digital processing technology and non-contact scanning :^chnology 
20 have made possible in the present invention, an orchestrated approach to curve sawin i involving 
a plurality of coordinated machine centers or devices for optimized curve sawing having benefits 
over the prior art. 

A canted log, or ''cant'^ by definition has first and second opposed cut pl^ 
25 In the prior art, cants were fed Imearly through a profiler or gang saw so as to produ^r; at least a 
third planar face either approxLmateiy parallel to the center Ime of the ^ 
sawing, or approxiniately parallel to one side of the cant, so called fiill taper sawng; o r at a slope 
somewhere between split and full taper sawing. For straight cants, xising these methods for volume 



recovery of the lumber can be close to optimal. However, logs oftett have a curvature and usually 
a curved log will be cut to a shorter lengA to minimize the loss of recovery due to this curvature. 
Consequently, in tiie prior art, various curve sawing techniques have bcdn used to ovsrcome this 
problem so that longer length lumber with hi^er recovery may be achieved. 

Curve sawing typically uses a mechanical centring systan that guides a cant into 
a secondary break-down machine with chipping heads or saws. This centering action results in the 
cant following a path very closely parallel to the center line of the cant, thus resulting in split taper 
chipping or sawing of the cant. Cants that are curve sawn by this technique generally produce 
longer, wider and strongo- boards than is typically possible wift a stRUght sawing technique where 
the cant has significant curvature. 

Curve sawing techniques have also been applied to cut parallel to a curved face of 
a cant, i.e. fiill taper sawing. See for example Kenyan, United States Patent No. 4,373,563 and 
Lundstrom, Canadian Patent No. 2,022,857, Both the Kenyan and Lundstrom devices use 
mechanical means to center the cant during curve sawing and thus disparities on the si^rftcc of tiie 
cant such as scars, knots, branch stubs and the like tend to disturb the machining operation and 
produce a "wave" in the cant Also, cants subjected to these curve sawing techniques tend to have 
straight sections on each end of the cant. This results from Ihe need to center the cant on more than 
one location through the machine. That is, when starting Has cut tiie cant is centered by two or 
more centering assemblies until the cant engages anvils behind the chipping heads. When the cant 
has progressed to tiie point that the caitering assemblies in front of the machine ate no longer in 
contact, the cant is pulled through the remainda- of the cut in a straight line. It has also been found 
that fiill taper curve sawing techniques, because the cut follows a line approximately parallel to 
the convex or concave surface of the cant, can only produce lumber that mimics these surfaces, 
and the shape produced may be unacceptably bowed. 
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TTius in flie prior ar^ so called arc-sawing was developed. Sec for example United 
States Patents, 5,148,847 and 5^20,153. Arc sawing was developed to saw irregular swept cants 
in a radial arc. The technique employs an electronic evaluation and control unit to determine the 
best semi-circular arc solution to machine the cant, based, in part, on the cant profile joformation. 
Arc sawing techniques solve the mechanical centring problems encountered with carve sawing 
but limit the recovery possible fipom a cant by constraining the cut solution to a radial form. 

Applicant is also aware of United States Patent 4373,563, United States Patent 
number 4,572,256, United States Patent number 4,690,188, United States Patent number 
4,881,584, United States Patent number 5,320,153, United States Patent number 5,400,842 and 
United States Patent numb^ 5,469,904; all designs that relate to tiie curve sawing of two-sided 
cants. Eklund, United States Patent number 4.548,247, teaches laterally translating ehipptng heads 
ahead of the gangsavre. Dutina, United States patent number 4,599,929 teaches slewing and 
sl^uig of gangsaws for curve sawing. The 4,690,1 88 and 4,881 ,584 references teach a vertical 
arbor with an arching infccd having corresponding tilting saws and, in 4,881,584^ non'^activc 
preset chip heads mounted to the sawbox. 

Applicant is aware of United States Patent No. 4,144,782 which issued to 
Lindstrom on March 20, 1979 for a device entitied "Apparanis for Curved Sawing of Timber". 
Lindstrom teaches that when curve sawing a log, the log is positioned so as to feed the front end 
of the log into the saw with the center of the log exactly at the saw blade. In this manner the 
tangent of the ciirve line for the desired cut profile of the log extends, starting at the front end, 
parallel with the direction of the saw blade producing two blocks which are later dried to 
straighten and then re-sawn in a straight cutting gang. 

It has been foimd that optimized lumber recovery is best obtain^^^ 
all cants if a unique modified polynomial cutting solution is determined for every cant Thus for 
each cant a "best" curve is determined, which in some instances is merely a straight line parallel 



to the center line of the cant, and in other instances a complex curve that is only vaguely related 
^ to the physical surfaces of the cant. 

Thus it is an object of the present invention to improve recovery of lumber ftom 
5 cants and in particular irregular or crooked cants by employing a "best'* curve smoothing 
technique to produce a polynomial curve, which when modified according to machine constraints 
results in a unique cutting solution for each cant. 

To achieve this objective, in a first embodiment, a two sided cant is positioned and 
10 accurately driven straight into an active curve sawing gang, with active chip heads directly in front 
O of the saws, to produce the **besf' curve which includes smoothing technology- In one 

m embodiment, a machining center in the form of a profiler cuts at least a third and potentially a 

}|t fourth verticdfece from a cam according to an optimized cun^e so t^ 

^ . on the cant can be accurately guided or driven into a subsequent curve sawing gang. 1lie profiled 

\i 15 cant reflects the *1>est" curve which inckdes smoothing technology to limit excessive angles 
Q caused by scars, knots and branch stubs; while the gang saw products reflect the previously 

W calculated optimized cutting solution. 

vj Due to an increased incidence of jamming of circular gang saw blades with curve 

20 sawing in general, it is another object of the present invention to orient the circular saw sawguides 
near the first contact point of the cant within the gang saw and still allow the sawguides to be 
rotated back away fi^om the saw blades, thus allowing t^^^ 

in the event of a cant becoming jammed than with oAer lau>wn curve saw^ 
of the known type- 

: 25 
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SUMMARY OF THE INVENTION 

In all embodiments of the integrated motion controlled position-based curve sawing 
of the present invention, the method of position-ba^sed integrated motion controlled curve sawing 
5 includes the steps of: transporting a curved elongate workpiece, which may be a cant, in a 
downstream direction on a transfer means, monitoring, by monitoring means, the position of the 
workpiece on the transfer means^ scanning the workpiece through an upstream scanner to measure 
workpiece profiles in spaced apart array along a surface of the workpiece, communicating, by 
communication means, the workpiece profiles to a digital processor, which may include an 

10 optimizer, a PLC and a motion controller, computing by the digital processor, a high order 
polynomial smoothing curve fitted to the array of workpiece profiles of the curved workpiece, 
adjusting the smoothing curve for cutting machine constraints of downstream motic^t controlled 
cutting devices to generate an adjusted curve, generating unique position cams unique to the 
workpiece from the adjusted curve for optimized cutting by the cutting devices along a tool path 

15 corresponding to the position cams, sequencing the transfer means and the workpiece with the 
cutting devices, sequencmg the unique position cams corresponding to the workpiece to match the 
position of the workpiece, feeding the workpiece on the transfer means longitudinally into cutting 
engagement vntii the cutting devices, and actively relatively positioning, by selectively actuable 
positioning means, the workpiece and the cutting devices relative to each other according to a 

20 time-based servo loop updated recalculation, based on said workpiece position, of cutting 
engagement target position as the workpiece is fed longitudinally so as to position :eSe cutting 
engagement of the cutting devices along the tool path. 

Advantageously, the high order polynomial smoothing curve is an n^ degree 
25 modified polynomial of the form f(x) = a^^" a, x + , having co-efficient a„ 

through ao, and where the co-efficients a „ through Uq are generated by numerical processing to 
correspond to, and for fitting a smoothing curve along, the corresponding workpiece profiles. 

S 
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In one aspect of the present invention, the method includes raonitoring^^ 
monitoring means cooperating with the digital processor, of loadirjg of the cutting devices and 
actively adjusting the workpiece feed speed by a variable feed drive, so as to maximize the feed 
speed. In a fiirflier aspect, the method includes compensating for workpiece density in the 
adjusting of the feed speed or includes monitoring workpiece density, by a density monitor 
cooperating with the digital processor, and compensating for the density in the adjusting of the 
feed speed. 

Advantageously, the monitoring of the position of the workpiece includes 
encoding, by an encoder, translational motion of the transfer means and communicating the 
encoding information to the digital processor- Further advantageously, the rnonitoring of 
workpiece position includes communicating trigger signals from an opposed pair of photoeycs, 
opposed on opposed sides of the transfer means, to the digital processor. 

SummaiT of the First Mechanical Embodiment 

The first mechanical embodiment consists of, first, an indexing transfer which 
temporarily holds a cant in a stationary position by a row of retractable duckers or pin stops, for 
regulated release of the cant onto a sequencing transfer. The sequencing transfer feeds the cant 
through a scanner, where the scanner reads the profile of the cant and sends the data to an 
optimizer. The scanner may be transverse or lineal. 

An optimizing algorithm in Iheoptiniizer generates three dimension 
the cant*s measuremente, calculates a complex ^'besf' curve related to the intricate contours of the 
cant, and selects a breakdown solution including a cut description by position cams that represent 
the highest value combination of products which can be produced from the cant- Data is then 
transmitted to a programmable logic controller (PLC) that in turn sends motion control 
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infomiation related to the optimum breakdown solution to various machine centers to control the 
movement of the cant and the designated gangsaw products. 

Immediately following the scamio- is a sequencing transfer ^t alsa includes a 
plurality of rows of retractable duckeis and/or pin stops that hold the cants temporarily for timed 
queued release so as to queue the cants for release onto a positioning device. The positioning 
device may be merely positioning pins or a fence for roughly centering the cant in tot of the 
gangsaw, or may be a positioning table including positioners having retractable pins that center 
the cant in fiont of the gangsaw. The positioner pins retract, the positioning table feeds the cant 
via shaipchains and driven press rolls, straight into the combination active chipper asid saw box. 

The gangsaw uses a plurality of overhead pressrolls, and undereide circulating 
.sharpchain in flie infced area, with fixed split bedrolls in the infeed area and non-split bedrolls in 
the outfeed area. A plurality of overhead pressrolls hold Ihe cant fiom the top and bottom by 
pressing down onto the flat surface of the cant thus pressing the cant between the lower infced 
shaipchain (infeed only) and bedrolls and the overhead pressrolls, for feeding the cant straight into 
the gang saw. The chipping heads and the saws on flie saw arbor may be actively .^ewed and 
translated, so as to follow the optimized curve sawing solution. Tn this fashion the cant moves in 
one direction only, and the chipping heads and the saws are actively motion controlled to cut along 
the curved path that has been determined by the optimizer. The chip heads move with the saws lo 
create flat vertical sides on the cant so that there is no need to handle and chip slabs, and no need 
to install a curve forming canter before the gangsaw. 

The chipping heads may be retracted or relieved out away from the prefeited 
curved face of the cant so as to keep the cuttmg forces equal in the event of a bulge or flare in the 
thickness of the cant or to reduce motor loading. The use of active chipping heads in Jiis manner 
allows creating a side board in what would be waste material in fbs prior art between an outermost 
saw and a chipping head in the instance where the bulge or flare is substantial enough to contain 
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enough material in thickness and laigth to create an extra ade board. The optimizer would prepare 
the system to acc^ the extra side board. 

In summary, the active gangsaw of a first mechanical embodiment of ffie present 
invention comprises, in combination, an opposed pair of selectively translatable chipping heads 
co-operating with a gangsaw cluster, wherein the opposed pair of selertively translatable chipping 
heads are mounted to, and selectively translatable in a first direction relative to a selectively 
articulatable gangsaw carriage, wherein the first direction crosses a linear workpieee feed path 
wherealong workpieces may be lineariy fed through the active gangsaw so as to pass between the 
opposed pair of selectively translatable chipping heads and through the gangsaw cluster, and 
wherein the gangsaw clust» is mounted to the gangsaw carriage and is selectively positionable 
linearly in the first direction and simultaneously rotatable about a generally vcatical axis to thCTcby 
translate and skew the workpieee carriage relative to the workpieee feed path by selective 
positioning means acting on the gangsaw carriage. 

Advantageously, the gangsaw carriage is selectively positionable linearly in said 
first direction by means of translation of sdd gangsaw carri^e along linear rails or the like 
translation means mounted to a base, and is simultaneously rotatable about said generally vertical 
axis by means of rotation of said gangsaw carnage about a generally vertical shaft extending 
between said gangsaw carriage and said base. 

Summarv of the Second MechamcftlRmhodiment 

The second mechanical embodiment consists of, first, an indexing transfer which 
temporarily holds a cant in a stationary position by a row of retractable duckers or pin slops, for 
regulated release onto a sequencing transfer The sequ<mcing transfer feeds the cart through a 
scanner, where the scanner measures the profile of tiie cant and sends the data to ah optimizer. 

i 



An qptimizing algorithm in the optimizer generates three dimensional models fiom 
the cant's measurements, calculates a complex "best" curve related to the intricate contours of the 
cant, and selects a breakdown solution including a cut desaiption by position cams thst represents 
the highest value combination of products which can be produced fiom the cant Data is then 
transmitted to a PLC that in turn sends motion control information related to the optimum 
breakdown solution to various machine centers to control the movement of the cant and the 
various devices hereinafter more fully described. 

Immediately following the scanner is a sequencing transfer that also includes a 
plurality of rows of retractable duckers and/orpin stops Aat hold the cants temporarily for timed 
queued release so as to queue the cants for release onto a positioning device The positioning 
device positions Ae cant in fiont of the gangsaw, and in some cases positions the cant in front of 
selected gangsaw zones that have been detemiined by the optimizer decision processor to provide 
the optimwn breakdown solution. 

A skew angle is calculated by the optimizer algorithm so that the positioning device 
presents the cant tangentially to the saws. If the positioning device is a skew bar, the skew bar 
pins retract, the roUcase feeds the cant into a pair of press rolls and thrai furAer into a chipper 
drum and an opposing chipper drum counter force roll. The chipper drum begins to chip and to 
form the optimized profile onto one side of the cant as the cant moves past itj while the opposing 
chipper drum roll counters the lateral force created by the chipper drum, to help to maintain the 
cants' direction of feed. The cant is driven toward the saws and contacts a steering roll mechanism 
adjacent the chipper drum in tiie direction of flow. The steering roll comes into contact with the 
fece that has just been created by the chippy drum. The slewing roll has an opposing crowder roll 
that maintains a force agdnst tiie steering roll ^yhile being active so as to move in and out to 
confonn to the rough side of the cantas it mbves toward the saws. A guide roll is positioned to 
allow tiie cant to move up to the saws in the iitfended position. The guide roll is adjustable; and 
also capable of steering wh«i the configuration retires it to steer for different saw configuration 



and lumber sizes. The guide roll also has an opposing ctowdcr roll that maintains a force against 
the guide roll while also bemg active so as to move in and out to confoim lo the rough side of ihe 
cant. 

The steering mechanism and the chipper drum are active as the cant proceeds 
through the saws and are controlled by controllers that use control information from the optimized 
curve decision, thus controlling the movements of the cant as it proceeds through the apparatus, 
profiling one fece of the cant and cutting the cant into boards as defined in the cutting description. 

An altcmate embodiment consists of two opposed chipper heads. In this 
embodiment a cant may be chipped from both sides, with the steering being done firom one side 
or the other, depending on the cant being sawn. Air bags are provided on all steering rolls. The 
air bags may be locked so as to become solid when being used for steering, and may be unlocked 
to act as a crowding roll when the opposite side is doing the steering. 

Alternatively, a plurality of overhead press rolls, and underside fixed rolls hold the 
cant &om the top and bottom by pressing down onto the flat surface of the cant thus pressing the 
cant between the lower roils and the overhead press rolls. The cant is fed straight into the gang 
saw and the gangsaw translated and skewed so as to follow the optimized curve sawing solution. 

In summary, in a second mechaiucal embodiment of the present invention, a carit, 
having been scanned by a scanner, is transferred onto a positioning means such as a positioning 
roll case where the positioning means includes means for selectively skewed prc-positioning of 
a cant upstream of a selectively and actively positionablc cant reducing means such as a chipper 
head for forming either a curved third face or curved third and fourth faces on the cant. The 
device further includes an upstream pair of opposed selectively actively positioriable cant guides 
and a downstream pair of opposed selectively actively positionablc cant guides, the upr>tream pair 
of guides being downstream of the cant reducing means and the downstream pair of guides being 
upstream of gang saws mounted on a saw arbor. The upstream and downstream pair of guides arc 
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aligned, with one guide of each pair of guides generally conresponding with the cant teducing 
means on a first side of &e cant transfer path. The opposed guides in the two pairs of guides are 
in opposed relation on the opposing side of the cant transfer path and are generally aligned with 
a cant positioning means along the cant transfer path. The cant positioning means is in opposied 
5 rclationtothecantreducingmeans, that is, laterally across the cant transfer 

In addition, either in combination with the above or independently, the gang saws 
and saw arbor may be selectively actively positionable both laterally across the cant transfer path 
and rotationally about an axis of rotation perpendicular to tiie cant Irunsfer path so as to orient the 
10 gang saws to form tiie curved face on the rough face of the cant and to form a corresponding array 
of parallel cuts by die gang saws corresponding thereto. 

In a further aspect, the selectively actively positionable cant reducing means is an 
opposed pair of selectively actively positionable cant reducing means such as an opposed pair of 
1 5 chipper heads placed in spaced apart relation on cither side laterally across the cant transfer path. 

In a further aspect, the pairs of selectively actively positionable cant guides include 
actively positionable cant guides on the side of the cant corresponding to the actively positionable 
cant reducing means and on the opposing side laterally across the cant transfer patb^ the cant 
20 guides on the side of the cant transfer path corresponding to the cant positioning mean ^ or, in the 
embodiment having opposed pairs of selectively actively positionable cant reducing means, the 
side of the cant transfer path corresponding to the cant reducing means which is selectively 
deactivated so as to become a passive guide, 



25 Summary of the Third Me chanical Kmbodiment 



The third mechanical embodiment consists of, first, an^m^ 
temporarilyholds a cant in a stationary position by a row of retractable d or pin stops, for 
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regulated release onto a sequencing transfer. The sequencing transfer feeds the cant through a 
scanner, vrfiere the scanner reads the profile of the cant and sends the data to an optbnizer. 

An optimizing algorithm in the optimizer generates three dimensional models fiom 
the cant's measurements, calculates a complex "best" curve related to the intricate ccntours of the 
cant, and selects a breakdown solution including skew angles and a cut description by position 
cams that represents the highest value combination of products which can be produced from the 
cant Data is then transmitted to a PLC that in turn sends motion control information related to tlie 
optimum breakdown solution to various machine centers to control Ae movement of the cant and 
the cutting of both a profiled cant and the designated gangsaw products. 

Immediately following the scannCT is a sequendng transfer which feeds a profiler 
positioning table and subsequently a profiler. The sequencing transfer includes a plurality of rows 
of retractable duckers or pin stops perpendicular to the flow that hold the cant temporarily for 
timed release so as to queue the cant for delivery onto the profiler positioning table. 

The profiler positioning table locates and skews the cant to a calculated angle for 
proper orientation to the profiler and then feeds the cant linearly into the profiler whereby it 
removes the vertical side face(s). The newly profiled face or faces, used to steer the cant through 
the gang saws, follow the optimum curve calculated by the computer algorithm from the scanned 
image of the individual cant The removal of superfluous wood from the vertical face(s) is 
achieved by the interdependent horiTOntal tandem movement of opposing chipping heads or 
handsaws, substantially perpendicular to the direction of flow. 

On the outfeed of the profiler an outfeed rollcase has a jump chain that raises 
cant off the rolls and then feeds the cant onto a cant turner were the cant is turned over laterally 
1 80 degrees if necessary to the proper orientation for entry into the curve sawing gang. The jump 
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chain includes a plurality of rows of retractable duckers orpin stops that hold the cant tempoTarily 
for tuned release to the cant turner. 

A sequencing transfer, that also includes aplurality of rows of rctractd>te duckers 
or pin stops, hold the cant temporarily for timed release so as to queue up Ac cant for v^Icasc onto 
a positioning rollcase. The positioning roUcase includes adcewbar with retractable pins that pre- 
positions the profiled cant on the correct angle and in front of the selected gangsaw combination 
that has been determined by the optimizer to provide the optimum breakdown solution. The skew 
angle is calculated by the optimizer algorithm to present the profiled cant tangentially to the saws. 
The skew bar pins retect, the rollcase feeds the profiled cant into a steering mccharnsm, and the 
steering mechanism^ using control information fiom the optimized curve decision, then controls 
the movement of the cant as it proceeds through the array of saws, cutting the profiled cant into 
the boards defined in its cutting description. 

In summary, the curve sawing device of a third mechanical embodiment of the 
present invention comprises a cant profiling means for opening at least a third longitudinal face 
on a cant, wherein the third face is generally perpendicular to first and second opposed generally 
parallel and planar faces of the cant, according to an optimized profile solution so as to form an 
optimized profile along the third face^ cant transfer means for transfenii^ the cant from the cant 
profiling means to a cant skewing and pre-positioning means for selectively and actively 
controllable positioning of the cant for selectively aligned feeding of the cant longitudinally into 
cant guiding means for selectively actively laterally guiding and longitudinally feeding the cant 
as the cant is translated between the cant skewing and pre-positioning means and a lateral array 
of generally vertically aligned spaced apart saws so as to position the third face of the cant for 
guiding engagement with cant positioning means, within the cant guiding means, for selectively 
actively applying lateral positioning force to the third face to selectively actively position the cant 
within the cant guiding means as the cant is fed longitudinally into the lateral array of generally 
vertically digned spaced apart saws. 
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The curve sawing method of the third mechanical embodiment of the present 
invention comprises the steps of: 

a) profiling a cant by a cant profiling means to open at least a third lon^mdinal face 

on a cant wherein the third face is generally perpendicular to the first end second 
opposed generally parallel and planar faces of the cant, the profiling accordi ng to 
an optimized profile solution generated for the cant so as to form an optimized 
profile along the third face, 

^) transfening the cant by cant transfer means fiom the cant profiling means to a cant 

skewing and prepositioning means, 

c) skewing and prepositioning the cant by the cant skewing and prqwsitioning means 
to selectively and actively controllably position the cant for selectively aligned 
feeding of the cant longitudinally into cant guiding means, 

d) guiding the cant by the cant guiding means for selectively actively laterally guiding 
and longitudinally feeding the cant as the cant is translated between the cant 
skewing prepositioning means and a lateral array of generally vertically aligned 
^aced apart saws, 

e) positioning the tWrd face of the cant by cant positioning means witl-iin Ihe cant 
guiding means so as to position the third face of the cant for guiding engagement 

with the ctot positioiiing means, the cant positioning means for selectively actively 
^plying lateral positioning force to the third face to selectively actively position 
the cant withm tiie cant guiding means as the cant is fed longitudinally into the 
lateral array of generally vertically aligned spaced apart saws, 

14 



f) feeding the cant longitudinally fiom the cant guiding means into the lateral array 

of generally vertically aligned spaced apart saws. 

In both the curve sawing device and the curve sawing method of the present 
5 invention the cant profiling means may open a third and fourth longitudinal face cn the cant 
wherein the third and fourth faces are genially perpendicular to the first and second opposed 
generally parallel planar feces of the cant and are thanselves generally opposed faces, and wherein 
within the cant guiding means the cant positioning means comprise laterally opposed first and 
second positioning force means corresponding to the third and fourth faces respectively to, 
10 respectively, actively applied lateral positionmg force to selectively activdy position the cant 
within the cant guiding means. 

In further aspects of the present invention, the first and second laterally opposed 
positioning force means each comprise a longitudinally spaced ^art plurality of positioning force 
1 5 means. The fiist positioning force means may include, when in guiding engagement with riie tiiird 
face, longitudinal driving means for urging the cant longimdinally within the cam guiding means. 

BRIEF DESC3UPTION OF THE DRAWINGS 

20 The inventionwillbebetterunderstoodby reference to drawings, wherein: 

Figure 1 is, in perspective viewj a schematic representation Of a typica-integrated 
motion controlled curve sawing system of the present invention. 

25 Figure la is, ill perspective view, a scanned profile of a cant segment. 

Figure 2 is a flow chart of a prior art time->based curve sawing me&od. 

. ■ . 15 



Figure 3 is a schematic block diagram representation of the integrated mbtibn 
controlled curve sawing functions of the present invention. 



Figures 4 are, sequentially depicted in Figures 4a - 4e» representations illustrating 
the optimizer method of the integrated motion controlled curve sawing of the present invention. 

Figure 5a is a flow chart of the servo loop updateis of the position^bascd curve 
sawing of the present invention. 

Figure 5b is a graphic representation of the sawbox set calculations of the ciove 
sawing method of the present invention. 

Figure 6 is a side section view according to a preferred embodiment of the 
mvention, taken along section line 6-6 in Figure 8; 

Figure 7 is a end section view according to a preferred embodiment of the 
invention, taken along section line 7-7 in Figure 6, with some parts not shown for clarity; 

Figure 8 is apian view showng the curve sawing system; 

Figure9 is a perspective views of a two sided curved cant; 

Figure 9a is a perspective views of a four sided cant hav^^ 
active chipping heads and sav^^ into boards b^ 

Figure 10 is a side section view according to a preferred embodiment of the 
invention, along section line 10-10 in Figure 12; 



Figure 11 is a fiagmcntary end section view accoixiitig^ a preferred embodiment 
of the invention, along section line 1 M lin Figure 10; 

Figure 12 is a plan view showing the curve sawing jqristcm; ^ 

■■'5 

Figure 13 is an enlarged, fiagmentary plan view of a chipping drum and the 
steering and guide rollers; 

Figure 14 is an enlarged, fragmentary plan view of an alternate embodiment 
10 showing two chipping dnnns, with the steermg and guide rollers ope^ 

Figure 1 5 is an enlarged, fiagmentary, diagrammatic plan view of a further alternate 
embodiment for skewing and translating saws and saw arbor, 

15 Figure 16 is a perspective view ofa two sided curved cant; 

Figure 16a is a perspective view ofa four-sided curved cant- 
Figure 17 is a side elevation view according to a preferred embodiment of the 



20 invention; 



25 



Figure 18 is a plan view according to the preferred embodiment of Figure 17; 
Figure 1 9 is a plan view showing the profiler and curve sawing line; 
Figure 20 is a perspective view of a two sided curved cant; 
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Figure 20a is a perspective view of a four sided camwithopiiiriiied curved yerti^^^ 

faces; 

Figure 21 is an end elevation view according to the preferred cmbodiment of Figure 

18; - - ' ■^ ■ V - 

Figure 22 is an enlarged, fragmentary, side elevation view from Figure 1 7. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 1 illustrates, schematically, atypical arrangement of the various machine 
centers and devices which are coordinated in the embodiments of thepresent invcntibn to pptunize 
the curve sawing of woricpieces, such as cants, arriving in a mill flow direction A. Workpieces 
12 are transferred through a non-contact scanner 14 for feedmg thereafter through chipping heads 
and active saws. The position-based approach of the present invention relics on the scanner 14 
first taking discrete laser, or other non-contact scanner measurement readings of a workpicce 
passing through the scanner so as to provide the measurement data from vibich the wofkpiece is 
mathcmaticaUy modelled so that, if printed, might be depicted by way of example in Figurc l a. 
TTie scanner 14 is used to map the workpicce 12 passing therethrough so as to geheratea profile 
of the workpicce along the length of the workpicce. 

Tlie mathematicarmodel of 4c workpicce 12 is proc« 
suffici«illy much is processed so that the model may be optimizal to produce a cutting solution 
unique for that workpicce. Optimizing generates a mathematical modd of the entire cant tod a^ 
optimized cutting solution. Position-cam data is then generated for the motion controllers. 

A position cam is the s« of position data for the cutting devices a^^^ 
longitudinal array of mcrements along the Iwigth of the workpicce profile. Tlie position cams 
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corresponding to tbe array of increments define, coUectively, a table of position data or array of 
position data points for each linear positioner axis of the active cutting devices. In one sense the 
position cams may be thought of as virtual position location targets to which the cuKing devices 
will be actively maneuvered to attain aloog the length of the woikpiece, keeping in mind that the 
active cutting devices, such as an active sawbox 16, may weigh in the order of 40,000 pounds. 

The position based method of the present invention provides adviantages, as 
hereinafter described, over the inferior method of merely providing sequential, that is, time based 
point-to-point data so as to provide sequential curve sawing instructions for moving the saws 
dependent on constant feed speed, illustrated in the form of a flow chart in Figure 2. A position 
based method rather than the pomt-to-point cutting method is preferred so that the orchcsu^tion 
and coordination of the various machme centers and devices is not reliant on, for example, a 
constant feed speed to provide X-axis data such as is the case in pomt-to-point time based motion 
instructions to the gangsaws v^ere, if X-axis translation speed, i.e. feed speed, is varied, thenthe 
optimized cutting solution is spoiled because the location of flie workpiece is no longer 
synchronized vidth the position of ti)e saws. 

Orchestration of the machine centers and devices to take advantage of the position 
based method of the present inv«ition is accomplished by a progranamable logic controll^ (PLC) 
1 8 and two motion controllers (MCs) 20 and 22. In overview, schematically illustrated in the flow 
chart of Figure 3, seamier 14 samples the woikpiece 12 profile and provides the t^w profile 
mea.surcraent infomwtion to a processor 24 known as an optimizer on local area network (LAN) 
26. tlie optimizKT employs m optimizing algarifiim to smooth the data and generate a 
mathematical model of the worikpiecc according to das procedure set out in Schedule A hereto and 
described below. The process of data smoothing and generation 6f a curve is depicted 
schematically in Figures 4a - 4e. The result is ah optimized cutting solution decision by the 
optimizer 24 which is Aeh commura'cated or handed bff to the PLC 18 on communicatioh link 27 



and to the motion controllers 20 and 22. The PLC may be an Men-Bradley"™ 5/40B PLC; {ihd 
the two motion controllers may be Allen-Bradley™ IMC S-Class motion control!^ 

In one embodiment of first present invention, the PLC 18 directly controls all of 
the devices, with the exception that the two motion controllers 20 and 22 control four linear 
positioners 30. 32, 34 and 36. The PLC buffers operator inputs for each woricpiebe and delivers 
these inputs to fte scanner just prior to scanning. Optimizer decisions are sent from the opiinfe 
to the PLC. The PLC uses the optimizer decision information to process the workpfeoe through 
the machine centers and devices. The PLC also buffers information exchange between the 
optimizer and die motion controllers. 

Of the two motion controllers, one motion controller 20 controls the linear 
positioners 30 and 32 used to move chipping heads 38 and 40, and Ihe oflier motion conlToUer 22 
controls the steering rolls in a gangsaw downstream of the chipping heads or the orientation of the 
sawbox in an active gangsaw 16 by positioners 34 and 36. Given sufficient processmg power, the 
two motion controllers may be combined into a single motion controller. The motion controllers 
operate on position cam data and sawbox set calculations as hereinafter described. The position 
cams use "X" and "Y". or, alternatively, "master" and "servant" axes respectively to move the 
chipping heads and the saws as the workpiece passes through. Position cams opci^c on the 
principle that, for every point along the X axis (feed direction), there is a correspondmg point, 
whether real or interpolated, on the Y axis. The X axis positiwi is provided by thermill flow 
infeed devices such as transfer chains, sharp chains, bete, rolls, or the likfe generically referred to 
as feedworks4l The Y axis poation is the target tool or cutting path for the chipping heads and 
saws. The target cutting or tool path may be made up of data points every 6 inches along the 
length ofthe workpiece 12. 



The motion controllers arc connected to the PLC as part of the reinote M|iuttot^ 
(I/O) system remotely conttolling the machine centers and devices. The PLC cptitmtim 
podtion cam data fom the optimizer to the appropriate motion controll^^^^ 

The workpiece and the conesponding optimizer decision have to be sequenced a^ 
matched. Consequently, as the method of the present mvention is position based, the position of 
flie workpiece relative to the machine centers and devices has to be known; One method, and that 
employed in the present embodiments, is the use of an encoder 43 which, by mearis of a cottier 
43a, tracks the translation of a feed conveyor on feedworks 42. Thus the longitudinal positiori of 
the workpiece 1 2 is tracked by the encoder 43. 

The workpiece is fed longitudinally on Qie feedworks with its orientation 
maintained such as by press rolls while it is translated towards and through the sawbox. An infeed 
photoeye (I/F PE) 45 may be used to sense location of a workpiece 12 on the feedworks 42 to time 
raising and lowering of the press rolls into engagement with the workpiece so as to hold flic 
workpiece against the feed conveyor to prevent lateral movement of the workpiece rehtivc to the 
conveyor- The cutting machine centers, which may include, handsaws, sash gangs, or the like, or 
chipping heads 38 and 40 and/or circular saws 52, are actively preset to their starting positions to 
process the workpiece. The g^ between subsequent workpieccs may be adjusted if required, as 
is feed speed as hereinafter better described. Synchronization of the workpiece with the position 
cam data is facilitated by a synchronizer photoeye (SYNC PE) 46 which detects the longitudinal 
ends of the workpiece as it is being translated on the feedworks 42 in the mill flow du:cctioa The 
workpiece is synchronized so that the position cam position targets for the cutting devices 
correspond to their intended locations onihe woriqjicce. Cutting device ihotion is startedprior 
to engaging a cutting device. The workpiece first enters the chipping heads, the position and 
motion of the chipping heads havir^ been initiated and prclocated to cncoimtcr the anticipated 
position of the workpiece. The chipping head position feedback is read in a tim^^ loop 
and the motion velocity of the chipping head adjusted to correct the position of the chipping head 



to follow the position cams corresponding to the worlcpiece, so ais to piit the cMppii^ heads on 
tradt widi, or to as best as possible move fbs diippii^ heads towards coinciding with^ tfe position 
cam position targets or tool path on the workpiece. 

In one embodiment, the position of the gaogsawis actively preset and tii^gangisaw 
motion initiated as the workpiece ^proaches the saws. The gangsaw portion feedl^k is read 
in a time-based servo loop and the gangsaw motion velocity is adjusted to again correct the 
position of tiie gangsaw to follow the position cam data. 

_ The workpiece feed speed may be adjusted in response to anticipated loading or 
instantaneous loading of the cutting devices, whether chipping heads or gangsaw circular 
sawblades. The workpiece feed qjeed may be varied by a variable frequency drive (VFD) 44 
according to instructions from flie PLC 18. Feed speed may be reduced in tiie event of binding 
of the workpiece or hi^ motor loadings of the cutting devices. In an alternative embodiment, the 
feed may be reduced or reversed, in response to binding or high tnotor loadings of the cutting 
devices. In the case of chipping heads, the chippuig heads may be disengaged or relieved iftheir 
corresponding motor loading becomes high. Li one embodiment the RPM of flie chipping heads 
and sawblades is maintained constant. Advantageously, to equal lateral cutting forces of the 
chipping heads, tiie bus load, that is, amperage to fte chipping head motors, may be diiferehtially 
varied. In an alternative embodiment, to avoid chip fines, the RPM may be adjusted to mairtaiii 
chip quality, for example, reduced if chip fmes are being produced. RPM may be adjusted also 
to compensate for the volmne of material being removed from the can^ tfie density of flic material, 
and any density varying anomalies such as burls, or knots, or the like. 

Position feedback to the motion controUeis is provided by T«^^ 
position sensors 48. Advantageously, time-based feedback is provided to the motion controllers 
every 60/1000 inch (approximately 1/16 inch) of feed travel at 300 feet per minute, tiiat is. 



approximately every one miUi-second, as seen in the flow chart in Figure 5a, 
supervisory code initiates the sequence for every servo loop i^pdate. 

The workpiece feed speed may be matdied to the material density, as determined, 
5 for example, by an x-ray lumber gauge, and/or to the saw design and cutting deviM^^^ 

sharpness, etc. The workpiece feed speed may be adjusted to compensate for material volume to 
be removed, material density and workpiece anomalies such as burlsj k^^ Feed speed 

and RPM of the chipping heads may be adjusted to mutually compensate. ITie feed sjpeed may 
be preset for the anticipated ioadmg or adjusted to compensate for monitored load levels on the 
10 cutting device motors 45 (for example by monitoring amperage). The use of position cam data 
y allo^ for correspondmg coordination of active cutting devices to keep a comispondence between 

© the desired cutting solution along the position cams or tool paths with Ihe actual position of the 

fij worlqnece. 

'^1 15 The workpiece feed speed is varied as part of the orchestmtion of the machine 

O centers and devices to maxiniizeperfonnance of the overall syster^ Variation of feed speed so 

as to maximize the feed speed assists m providing enhanced throughput in terms of lumber 

volume. In particular, feed speed maximization allows the machine centers to operate at their 
Q limitations for the length of the workpiece, and reduces stalling and slipping of the workpiece, 

20 resulting in cutting off the desired tool path, when held down onto the feedworks 42 by, for 

example, press rolls. As a result, wear on chipping heads and saw arbor assemblies may be 

reduced. The frequency ofsaw arbor motor overload cbridition^^ 

conditions may be reduced. Further, as mentioned above, active and dynamic control of the feed 
speed may compensate for changes in sharpness in saw blades or chipping knives or for variations 
25 in wood density from an average value used in the^^o^^ 

The average wood density used by the optimizer is used to calculate the 
approximate horse power required to remove the wood necessary to generate or attain the cutting 

23 ; 



dedsionu The optimizer compares the required horse power to the horse power limitations of the 
cutting devices. This comparison is used to derive an optimized feed speed profile at 
^proximately two foot increments along the worl^iece. 

The PLC logic code uses the optimizer profile as a set poinL Actual motor current 
is monitored by sensor 50 to provide feedback to the PLC 18. The set point and feedback signals 
are used to create a speed reference for the variable frequency drive 44 using a proportional 
internal dcrivative(PID)-like algorithm. The current feedback signals are only valid and relied 
i^n when the workpiece 12 is mechanically engaged by Has cutting devices such as the chipping 
heads 38 and 40 or saws 52. 

As seen in Figure 1, optimizer 24 and associated network server 54, man-machine 
int<»face 56, PLC 18 and primary vmik station 58 communicate across a common Ethemef^w 
LAN 60, which is available as a connection point to existing mill networks. This connection point 
allows workstations within the existing mill offices (with appropriate software) access to all cant 
optimization functions. A dedicated communications link 27 may exist between optimizer 32 and 
PLC 18. Allworicstationsandlhenetworkserver54useapplicationswfaichprovidcmiilpersohnel 
tfie tools they require to define their environment, sudi as scanner, optimizer, machine centers, 
products, and shift schedules reports relative to the cant optimizer ^stem; prc-generate various 
start-up configurations; start, stop and load the system; visually monitor the cant as it proceeds 
tiirouj^ the rnachine centers; and motiitor the operatioh^^^ 

A niodem 62 attached to the network server 54, and the primary workstation 58 
using remote atxess software and apjsropriate controls^ allows remote dial-up access to the mill 
site for software reprogramihing and remote operation of ahnost every application and fimction 
as well as retrievalpf statistics iand cant summaries for ofiF-site service analysis. ITie man-machine 
mterface 56 provides operator input and allows the operator access to various levels of machine 
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operafion and control The PLC 18 and motion controllers 20 and 22, share the task bfmonitbririg 
speed and position of the cant and controlling positioners. 

The above position-based integrated motion conbol method for curve sawrig is 
employed in the coordination of the three mechanical embodiments of the chipping heads and 
saws as set out below. 

In embodiments of fte present invention where an opposed pair of chipping heads 
are mounted to an articulatable sawbox containing a saw cluster on a saw arbor, so that translating 
and skewing the sawbox also correspondingly translates and skews, about a common axis of 
rotation, the chipping heads, a geometric problem is encountered due to the instantaneous chipping 
location of the chipping heads being spaced apart, for example in jfront o£ the instantaneous 
cutting location of the laterally outermost saw on the saw arbor. If it is desired to accurately cut 
a so-called jacket board, that is, a side board, from the cant material between the outermost saw 
and the corresponding chipping head, the spacing between, and the locations of, the instantaneous 
cuttmg locations must be known and accounted for. 

An inferior method entdls linear approximation methods. However, cutting 
accuracy, where skewing approaches the order of sbc degrees, suffers where linear approximations 
are used. A better method, and that employed in the curve sawing of the present invention, 
re<iuires use of non-linear equations of motion, referred to as sawbox set calculations, f?r both the 
chipping heads and for the saws. 

Saw box set calculations are graphically depicted in Figure 5b, where a cW^^ 
line is seen spaced ^artftom the sawline (the solution line). A jacket board is manufa^ 
between the saw line tod the Chipping line. It is desirable to have an accuracy in the order of 5 - 
10 fliotisand's of an inch in sawing variations in the thickness diihension. To achieve tiiat 
accuracy an equation of motion for both the rotation and translation of the sawbox arbor and. 



indepaident of fliat. the chip head equation of motion is required. This is because the?sawbo3c is 
on a base that translates, and, overlaid, is a skewing, that is, rotating, member whose^is of 
rotation, that is, the pivot point for the skewing, is not in alignment with the instantaneous sawing 
point on the saws, as the pivot point for the skewing is generally in the center of the saw atbor. 
In addition, the chip heads are further displaced fiom the pivot point so, as the sawbox is skewed, 
the chip heads swing through an arc and so also the corresponding instantaneous saw center 
swings through an arc. These mis-alignments both affect the saW line and chipping line, the 
difference between Has saw line and the chipping line bdng the thickness of the recovacd jacket 
board. 

In the infoior approximation meftod above noted, tiie assumption is made ftat the 
mis-alignmcnts are all linear and ftat a rado based on the ra<Mus or the lewr arm between the chip 
head and the pivot point and between the instantaneous saw center and tiie pivot point is a 
sufficient ^roximation. In feet, as Ac skew angle apiroachcs zero the approximation is alinear 
problem. However, if &e skew angle approadies five or six degrees the approximation no longer 
is linear, that is, the small angle ^proximation no longer holds, and the actual geometry must be 
accommodated. 

In interpretmg Figure 5b, the cant may be visualized as remaining fixed in space 
and the sawbox travelling relative to it In Figure 5b. the Y axis is the offset line, meaning that 
Ms is the distance from the pivot line. Thepivot line, the X axis in Figure 5b, is the pathtravclled 
by the sawbox pivot point, that is, the axis of rotation for skewing of the sawbox alorig the length 
of the cant. The position tracking is done along thepivot line. Because the chipping heads arc 
mounted on the common sawbox assembly, the chilling head axes Share a common travel path, 
that is, the chipping head axes are parallel to the saw arbor and at the same distance fixim it. The 
solution Une is a smooth path defining the curve to be followed as the sawing line. It may be 
chosen to minimize the solution line distance from the pivotlihe. The chipping head lines on 
either side of tiie solution line Outline the paths to be taken by the center of the chipping heads. 



They arc related to the solution h'ne but are not paiaUel. Note that tte cutting pdnts of the 
chipping heads varies along the length of the head and is not dependent oh the angle 6 as defined 
in Figure 5b. Angle 9 is the required angle of the sawbox to keep the saws tangent te the solution 
line. The saw line is the line projecting along Ac cutting points of the saWs. It's distance from 
5 the pivot point may be dependent on the cant thickness. It is not the position of the saw arbors. 
The chord u defines the distance m Figure 5b from the saw line to the jrivot point axis. The chord 
V defines the distance from the pivot point axis to the chipping head akis, that is. the eenterline of 
the chipping heads. 

In Figure 5h. the point labeUcd as X , , Y , is the desired oxtting point of the saw 
10 at the sampling point X, along the pivot line. Thus.y,«p(x,). The point labelled as x.is^t^^^ 
X coordinate of the position cam data. It will fluctuate from the sampling point r , by a small 
amount that can be ignored if the solution line is kept close to and a small angular deviation from 
the pivot line. The point X defines the pivot point of the saw box at the sample point x , . It is 
about this point that the saw box assembly rotates. The point X ^ , Yp in Figure 5b is the 
intersection point of the saw box center line and the pivot axis. The point X ^ , Y ^ i n Figure 5b 
is the intersection of the saw box center line and the chipping head axis, llie points in Figure 5b 
labelled X,.Y,andX2,Yjaretfae required position of the center of the chipping hosds for the 
sample point x They arc the intersection points between the chipping head lines and the 
chipping head axes. 
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first Mgghanigal Embodimgnt 

The gang saw apparatus of the first mechanical cmbodhnent is generally indicated 
by the reference humeral 1 10 and is best sceninK^ 

As best seen in Figure 8, an even endmg roil case^ 1 
receives the cant from the mill (du^cti 

transfer 114 (direction B). Transfer 1 14 includes a ducker Al 16 which receives die first cant 11 8. 

■■ ■■■27 



When ducker BI20 on the cant indexing transfer 1 14 becomes available the cant 118 isisequie^ 
fiom ducker Al 16 to dudker B120. 

Cant 118 advances from ducker B120 to pin slops 1 14a on <ant indexing traiisfef 
114 v*en pin stops 122a become available. Cant turner 122,notused wth adual chippdr cb^ 
system, see Figure 14, orients the cant for entaing into gang saw 110, An operator may elect to 
turn the cant 1 18 vdth the cant turner 122 before advancing cant 1 18 to ducker CI 24 oh ^e 
scanner transfer 126, Cant turner 122 includes cant turner aims 122a and 122b. If th^cant 118 
does not require tummg then cant 1 18 wll be sequenced ftom ducker B120 to ducker G124, wten 
ducker CI 24 becomes avdlable. Ducker C124 is mounted on a seamier transfer 126. Operator 
entries are entered via an operator console 128 and communicated to PLC 18 and, in turn, to 
optimizer 24. 

When ducker D134 on the scanner transfer 126 becomes available cant 118 is 
sequenced from ducker C124 to ducker D134. Scanner 136 scans cant 1 18 as it passes through 
the scanner. When ducker EI38 on the scanner transfer 126 becomes available cant 118 is 
sequenced from ducker D134 to ducker E138. On cant sequencing transfer 140, cant 1 18 is 
sequenced to duckers F142, G144, and H146 as they become available. 

In one alternative embodiment, aldiough not oecessaiy if the caht is scanned 
lineally, a positioning table is provided for positioning or centermg, whether it be approximate 
positioning or accurate centering, of <»nt 1 18 on feedworks 42, which may be shatpchain 154. 
Positionir^ table 148 Imls park zone pins 150. When park zone pins 150 become available cant 
118 is sequenced from ducker H146 to park zone pins 150 on the positioning table 148. When 
positioning table 148 becomes available park zone pins 150 lower and a plurality of t^le 
positioners 152 having positioners pins (hot ihown) move out over cant 118 and draw cant 118 
back overto center of sharpchain 154 on portioning t^le 148 for feeduig to gangsaw 1 10. 
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As best seen in Figure 6. a phnaKty of driven pressnrfls 156, 
con«sponding pressroU cylinder 156a. press dovmto hold cart 118 again^ ^ari^jHah^^^^^^^ 
bedrolls 158. Driven pressiolls 156 and shaipchaJn 154 drive cant 1 18 in diiectitis^ C into the 
active gangsaw 110. As cant 118 enters the active gangsaw llO active cWpping he^s 166 and 
162 begin to chip two opposing vertical feces 1 18b and USc on cant im Ghippii^ead^ 160 
and 162 are positionable along guide shafts 160a and 162a. Drive shA i60c a^ l62c are 
joumalled in bearing mounts 160b and 162b. Chipping heads 160 and ^62 are driv«iiby motor 
means (not shown) and are selectively, slidingly positioned along guide shalfel60ianci i62a by 
positioning means such as actuators known in the act (also not shown). Chipping heads 160 and 
162 may have anvils (not shown) for diverting chips, the anvils such astei m Figure 13 as 
anvil 278. 



1 "^^^^^^llS^andnScarecrcatedsoverticaifte^ 
I ^^^^«^*es«^164aofthegangsawsawclusterl64.wherebyt^^ 
I 15 «°<^«««cartn8,ascamil8isfedindirectionC.AsbestseenmH^^^ 

164 rotates about vertical axis along shaft 166 in direction D, and translates in direction E as cant 
118 moves through gangsaw no. Saws 164a within gangsaw saw cluster 164 ^ 
sawguides 164b. Sawguides 164b contact both sides of saws 1 64a to provide ^ility to Ihe 
j saws 164a as cant 1 18 passes through gang saw cluster 164. Gangsaw saw cluster 164 are 

20 slidingly mounted on splined saw arbora 164c. 

Gangsaw no translates in direction E, 0^ 
168b. and gangsaw 110 skews in direction D along guides 170. Positioning cylinder 168c 
positions gangsaw liaby selectivefy sliding g^ 
25 rails 168bfort«nslatb^^^^ 

in direction D on guides 170. ' 
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Driven pressrolls 156 lift up as the trailing end 118d of tiie cant H8 passes in 
direction C onto outfeed roll case 164. TbQ cant 1 18 (now boards) moves through and out of the 
gangsaw 110, and onto the gangsaw outfeed toUcase 164. 

SggQn4 Mwhanical Embcdim?i« 

The gang saw apparatus of the second mechanical embodimetit Js^ geneitlly 
indicated by the reference numeral 210 and is best seen in Figures 10 and 11. 

As seen in Figure 12, an ending roll case 212, having a live fence 212a receives 
cant 216 from the mill (direction A*). Cant 218 is transferred to e cant indexing transfer 214 
(direction B*). Cant 218 is sequentially indexed by duckers A216, B220, C224, D2547 and E238 
on cant sequencing transfer 214» and by duckers F242, G244, and H246 on cant sequencing 
transfer 240, By way of illustration of the sequencing: ducker A21 6 first receives cart 218, then, 
when a ducker B220 becomes available, cant 218 is sequenced from ducker A216 to diicker B220. 
Cant advances fi:om ducker B220 to pin stops 214a when pin stops 214a become available. Cant 
turner 222 (not used with dual chipper drum system, see Figure 14) is used to orient the cant for 
steering into the gang saw 21 0. if needed where the operator may elect to turn cant 21 3 with cant 
turner 222 before advancing cant 218 to ducker C224 on the scanner transfer 226. Caa^t turner 222 
includes cant turner arms 222a and 222b- If cant 218 requires turning, Aen cant 218 is sequenced 
from ducker B220 to duckar C224, when ducker C224 bcconic« available. Ducto^ C224 is 
mounted on a scanner transfer 226. Scanner 236 scans cant 21 8 as it passes tiirotigh tiie scanner. 

When park zone pins 250 on positioning table 248^^ 
sequenced from ducker H246 to park zone pins 250. When positioning table 248 becomes 
available, park zone pins 250 lower and a set of gangsaw table jumpch^ns 252 raise and niove 
cant 21 8 from park zone pins 250 aad position cant 218 over positioning table rolls 254 against 
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a plurality of raised skew bar pins 256a an skew bar 256. Skew bar 256 is positioned according 
to the optimized profile to skew cant 218 for feeding in to gangsaw 210. 

DrivHi pressroll 258a is actuated by cwrespcMiding pressroll O'lindw 258c. Driven 
pressroll 258b Is actuated by corresponding pressroll cylinder 258di PressroUs 258 press down 
to hold cant 218 against positioning table rolls 254. Skew bar pins 256a are lowered out of the 
path of cant 218 so that driven pressrolls 258a and 258b can drive cant 21 8 in direction C between 
chipping drum 260 and opposing stabilizing roll 262. Wth reference to the travel path of cant 218 
direction C* is the direction in which cant 218 moves from an upstream position, for example on 
the gangsaw positioning table, to a do^wlstceam position, for example, at chipping drum 260. Cmit 
218 continues in direction C to aigage driven steering roll 264 and driven guide roll 266 so as to 
pass between driven steering roll 264 and opposing non-driven crowding loU 268 and between 
driven guide roll 266 and crowding roll 270, whereby the leading end 218a of cant 218 is grasfwd 
between the powered steering roll 264 and the non-driven crowding roll 268. 

Chipper drum 260 and the non-driven chipper stabilizii^ roll 262 are guided on 
guide shafts 260a and 262a, and selectively positioned by positioning cylinders 260b and 262b. 
Air bag 262c absorbs deviations on cant 218. Chipper stabilizdng roll 262 helps to create a 
consistent pressure on flie non chippmg side of cant 218. This helps to prevent the chipper head 
260's chipping directional forces from moving cant 218 in a different path than is desired. 

Positioning guides 271 and 272 are actuated by hydraulic positioning cylinders 
271a and 272a. Positioning guides 271 and 272 are situated just upstream of chipper drum 260 
and opposing chipper stabilizing roll 262 respectively (or altemaitcly chipper drum 274, as seen 
in Figure 14). Positioning guides 271 and 272 arc positioned to ensure precise positioning of the 
cant 21 8 just before cant 218 contatte chipper drum 260 andopposing cWpper st^ilizingrt^ 262. 
Positioning guides 271 and 272 are retracted once cant leading end 218a contacts steerii^ roll 264 



The positioning guides, chipping heads and steering toUs are actively positioned to attain the 
optimized cut i»ofUe. 

Guide plate 278, which also acts as a cMp deflector, is situated between arid 
sHdably attached to, chipping drum 260 and first steering roll 264, Guide plate 278 inhibits cant 
218 fi»m being gouged viule the cant's leading end 218a is moving past chipping drum 260 and 
up to the first steering roll 264 and before cant 218 contacts guide roll 266. Chipping; drum. 260 
is actively positioned to cut a modified polynomial curve as the third face of the cant^cording 
to the me&od depicted graphically in Figure 4. 

Driven pressrolls 258a and 258b lift up after the leading end 218a of cant 218 
contacts the guide roll 266, and driven press roll 280, actuated by pressroll cylinder 280a, mounted 
above the path of cant 218 between steering roll 264 and guide roll 266 takes over to press cant 
218 onto bed rolls 282 as the cant is grasped between guide roU 266 and crowding roll 270. Press 
roll 280 presses down on to cant 21 8 to keep cant 218 down on to bed rolls 282 as the leading end 
218a of cant 218 enters saws 284. Saws 284 are mounted on splined saw arbors 286. Saws 284 
are held in position by saw guides 284a. 

Driven steering rolls 264 and driven guide roll 266 are guidedby guide shafts 264a 
and 266a. Non-driven crowding rolls 268 and 270 are guided by guide shafts 268a and 27Ga. 
Driven steering roll 264 and driven guide roll 266 are driven by drive motors (not shown), and 
positioned by linear positioning cylinders 288 and 290 respectively. Non-driven crowding rolls 
268 and 270 are positioned by linear positioning cylinders 292 and 294 Tespcctively. Air bus 
292a and 294a are provided to absorb shape anomalies on cant 218. 

Cant 218, inthe forai of boards being cut from CM^ 
through gangsaw 210, driven and held by driven press rolls 296, and driven press roU 298, 
actuated % pressroll cylinders 296a and 298a, respect! 



gangsaw 210. These press rolls may be fluted, that is, have friction means, to provide traction 
while still allovtdng some sidevwiys movement of cant 218 (now boards) as cant 218 moves 
^trough and out of the gangsaw 210, and thence onto outfeed roUcase 299. 

In an alternative onbodiment, as seen in Figure 14, chii^r 260 and steering side 
mechanism (264, 266) could be duplicated on the opposing side of the cant transfer path. An 
opposed second chipper drum 274 permits chippiiig and steering fh)m both sides of cant 21 8. iliis 
eliminates a cant turner before Ae scanner. Air bags would advantageoudy be provided on all 
positioning cylinders. The air bags would be disengageable so as to become solid cylinder rams 
on the opposite side of the rolls that are steering at any given time. 

A fiirther alternative embodiment, steo. in Figure 15, has skewing ahd translating 
saws and saw arbor. Bed rolls 282 and overhead press rolls (not shown) hold the cant down onto 
bed rolls 282 and move cant 21 8 in a straight line all the way dirough the gangsaw v4iile the saws 
284 and arbor 286 move to create the curved optimized profile. 

Third Meschanical Kmhodiment 

The gang saw apparatus of the third mechanical embodiment is generally iiodiciated 
by the reference numeral 3 10 and is seen in Figures 1 7 and 19. 

Millustrated in Figure 19; a cant 3 16 is indeed along cant indexing tran^^ 
scanner transfer 322, jump chain transfer 358, and cant sequencing transfer 368 by duckers A 3 14, 
B318, C320, D330, E334, F360, G362. H370, 1372, and J374. Hien when aducker B 318 on the 
cant indexing transfer 312 becomeis available the cant 316 is sequenced from ducker A 314 to 
ducker B 318. 
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Following duckerB 318, acant turner 319, Mtochincludcs cant tuma^dudcerSl^ 
is located where an operator may elect to turn cant 316 before advancing the cant to ducker C 320 
on the scanner transfer 322. Scanner 332 is located between duckers G 320 and D 330 on the 
scanner transfer 322. Profile positioning table 336 has park zone pins 338. When parE-^ zOnb pins 
338 become available on profiler positioning table 336, cant 316 is sequenced from decker E 334 
to park zone pins 338. Profiler positioning table 336 takes cant 316 from park zone pins 338 aid 
positions the cant for feeding to profiler 340. A plurality of jtimp chains 342 oa profiler 
positioning table 336 run substantially perpendicular to the flow through profiler 340. Posititiners 
344 extend, also substantially perpendicular to the profiler flow, to align cant 316 for passing 
through the profiler 340. As cant 316 enters profiler positiraung table 336 selected crowder arms 
346 are activated as required to ensure cant 316 is in position against positioners 344. 

Holddown rolls 348 hold cant 316 onto asharp chain 350. As the leading end 316a 
of cant 316 enters profiler 340, pressrolls 352 lower in sequence to hold cant 316. Opposed chip 
heads 340a cut vertical faces 3 16b and/or 3 16c. 

Cant 316 leaves profiler 340 on profiler outfced rollcase 354, Rollcase 354 has 
ending bumper 356. Cant 3 16 leaves profiler outfeed roUcase 354 to cant jumpchain tiansfw 358. 
Cant turner arms 364a and 364b are provided downstream of jumpchain transfer 358. If cant 316 
requires turning, cant turner arms 364a and 364b rotate, turning the cant 3 16. From the cant 
turner, cant 3 16 is transferred along cant sequencitig transfer 368. 

Gaiigsaw positioning table 376 indudes park zone pins 380 and positioning table 
rolls 376a. When park zone pins 380 become available, cant 316 is sequenced from ducker J 374 
to park zone pins 380. Park pins 380 are lowered and a set of gangsaw table jumpchains 382 take 
cant 316 fiom park zone pins 380 ahd position the caiit agamst a plurality of raised ske w bar pins 
384a on skew bar 384. Skew bar 3 84 skews cant 3 16 into alignment for feeding to gangsaw 310. 



Cant 316 moves in direction B" on positioning rolls 376a to a position: between a 
set of driven steering rolls 386, 388 and a set of non-<iriven crowding rolls 392 and 394 asseen 
inFigure 18. Astheleadingcnd316aofcant316cntersgangsaw310,prossrolls 
of prossroll cylinders 378a, press down to hold cant 3 1 6 as cant 3 1 6 passes into the saw-blades 424 
5 mounted on saw arbors 424b. The lateral position of the two driven steering rolls 386 i aid 388 are 
guided by guide shafts 386a and 388a. The two non-driven crowding rolls 392 and 394 arc 
similarly laterally guided on guide shafts 392a and 394a. The two steering rolls 386 snd 588 are 
rotatably driven on shafts 386b and 388b by drive motors 396 and 398 for driving the rotation of 
steering rolls 386 and 388 via drive shafts 386b and 388b, and laterally selectively positioned by 
10 positioning cylinders 400 and 402, The two non-driven crowding rolls 392 and 394 aie mounted 
y on idler shafts 392b and 394b and are laterally positioned by positioning cylinders 4G4 arid 406: * 

OS Air bags 408 are provided to absoriD anomalies in the profiled face. The gangsaw 310 inchidcs 

m bedrolls 410, The cant 316 (now sawed into boards) teaves the gangsaw 310 on the g^ 

% outfeedrollcase412, 
'4-15 

□ The methodof operation is seen in Figures 1 and 19. In operation, cant 316 such 

K as depicted ui Figure 34 enters the system from a headrigrollcase (not sl^^ 

^ a bumper (not shown) and is then transferred in direction A" to duck^ 

Q becomes available cant 3 16 is sequenced ftom ducker A 314 to ducker B 318 on the cansindexing 

20 transfer312, Ducker B 318 is normally down. 

The cant wlladvancc from ducker B 31^^ 
319ais normally up) wheie an operator may elect to turn the cant 31^ advancing the cant 
to ducker C 320 dnthe scaitoer transfer 322. Ducker C 320 is noxmally up. Any operator entries 
25 relating to the cant about to be scanned must be made before the cant leaves ducker C 320. Just 
before ducker G 320 is lowered to advance the cant, the operator inputs (spe^^ 
gradechoicesj straight cut & test cant if needed passed 
to the FIX 18 and tfien communicated to the optirnize 
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Between ducfccr C 320 and ducker D 330 scanner 332 (labeUed as scm^ 
Figure 1) will scan the cant and transmit measurement data over local iureai network 26 to 
optimizer 24 for use in the modelling and optimization process* Encoder on the scanner 
transfer 322 provides timing pulses to track both forward and backwEurd movement of the cant. 

5 ' : / ■ 

Three dimensional modelling and real-time optimization processing tak^ place in 
the optiniizaer 24 as the cant is moving through the scanner and prior to its detiyery to piofiler 340; 
In Figure 1, active chip heads 38 and 40 in sawbox 16, immediately upstream of saws 52 are 
substituted for profiler 340, although an additional upstream cant reducer may be provided to 

10 remove butt flare. A curve sawing algorithm, using measurement data from the processed scanner 
data models tiic cant and plots a complex "best" curve related to the contours of the wood, 
smooths surface irregularities in the plotted curve (see Figure 4), selects an optimum cut 
description based on product value, operator input and mill specifications and generates control 
information to effect the cutting solution. Various parameters, such as minimum radius and 

15 maximum angle fix)m center line are provided to conform to physical constraints: Control 
information relating to the positioning and movement of the cant is communicated back to PLC 
1 8 for implementation at the various downstream machine centers which will both profile the cant 
according to the optimized curve and cut the cant into the products of the selected cut description. 

20 Ducker D 330 is normally down. When ducker E 334 becomes availab^^ 

is sequenced from ducker D 330 to ducker E 334 on the scanner transfer 322. Dudier 334 is 
normally down. Curve* skew and cutting description control data is transferred with the cant as 
it moves through the a^ous stages: When the profiler positioning table park zone becomes 
available; the cant is sequenced from ducker E 334 totiie park zone pins 338. The park zone pins 

25 3 38 are normally up. 

The profiler positioning table park pins 338 lower and the profiler positioning table 
336 takes the cant from the park zone pins 338 and positions the cant for feeding to the profiler 



340. PLC 1 8 communicates the decision infomiation to the profiler motion coiitroU^ 20. She 
jump chains 342 run forward and PLC 18 controls selectedpo$itione« 344 which extend 
the cant according to its predetemiined location and skew angle control d£tta. As^ t^^ cant enters 
the profiler positioning table 336 the selected crowder arms 346 iactivate to ensure the dant's 
position against the positioners 344, and the park pins 338 raise. 

The cant is detected against flie positioners 344 and the holddown rolls 348 lower 
and the jump chains 342 stop. The crowder amis 346 and positioner 344 retract and die ju^ 
chains 342 low«r the cant onto the sharp chain 350. 

As the leading end of the cant enters the profiler 340, the pressrolls 352 lower in 
sequence to hold the cant firmly in position as it passes each respective pressrdll 352. Once the 
cant is sensed to be within the cutting vicinity, the motion controller 20 begins to execute the PLC 
commands to create the optimum profile. As the cant moves in a straight path through the 
profiler 340, the chipping heads 340a move horizontally and interdependently in tandem, 
substantially perpendicular to the direction of flow. The position of the cant is sensed by 
synchronization photoeye 46 and tracked by encoder 43, As the trailing end of the cant leaves the 
profiler positioning table 336, the holddown rolls 348 raise and jimipchains 342 raise- Also, as 
the trailing end of flie cant leaves the profiler 340, the pressrolls 352 raise and the moliori 
controller 20 ends its profile. 

The cant leaves the profiler 340 on the profiler outfeed rollcase 354 wth at least 
one of the "profiled" vertical surfaces 316b and 316c (shown in Figure 20a) that conform to the 
calculated best curve. The cant is ended against the rading bumper 356 and if ducker F 360 is 
available the appropriate cant transfer jumpchains 358a are raised (based on scaimed length) to 
carry the cant from the profiler outfocd roUcasc 354 to ducker F 360 on the cant jumpchain 
tratisfer 358. Duckef F 360 is normally down. When ducker G 362 becomes available the cant 

^ ■ " 37 " 
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is sequenced &om ducker F 360 to ducker G 362 on the cant junipchain transfer Ducleer G 362 
is normally up. 

When the cant turner transfer 366 becomes available the cant is sequenced fiom 
ducker G 362 to the cant turner transfer 366. If tiie cant requires turning iii order to place the 
appropriate side of the cant (either 3 16b or 316c) against the skew bar 384, the cant turner arms 
364a and 364b will move to the mid-position (aims just above chain level), the cant wiU advance 
to the cant tumer arms 364a and 364b and the cant tumed acknowledge lamp and buzzer (not 
shown) will come on to request the operator to observe the actual turning of the cant. The operator 
pushes the cant tumed acknowledge push-button (not shown) and the cant turner arms 364a aiid 
364b will turn the cant 

When the turn is complete the cant tumer transfer 366 will be stopped and the cant 
turn acknowledge lamp and buzzer (not shown) will again enunciate. The operator puslies the cant 
tumed acknowledge push-button (not shown) €^ain and the cant turner transfer 366 will re-start 
and advance the cant to ducker H 370 if that ducker is available. If the cant does not require 
turning, the cant will advance to the photoeyes and then the cant turner tranisfcr 366 will stop. 
When ducker H 370 becomes avmlable the cant tumer transfer 366 re-starts amd advances the cant 
to ducker H 370. Ducker H 370 is normally down. When ducker 1 372 becomes available the cant 
will be sequenced from ducker H 370 to ducker 1 372 on the cant sequencing transfer 368. Ehicker 
1 372 is normally down. When ducker J 374 becomes available the cant will be sequenced from 
ducker 1 372 to ducker J 374 on the cant sequencing transfCT 368. Ducker J 374 is nora: sUy down. 

When the gangsaw positioning table paik zone pins 38^ 
will be sequenced from ducker J 374 to the park zone pins 380. The park zone pins 380 are 
normally up. The park pins 380 lower and the gangsaw table jumpchaihs 382 take the cant from 
the park zone pins 380 and position it against the skew bar pins 384. The gangsaw table 
jumpchains 382 are controlled by PLC 18 to skew bar pins 384 on the correct 



optimiy^ skew angle and place the skewed cant in fiont of the saw combination in the^gangsaw 
that was selected to give the optimum cutting combination. This is a pre-positioniE^ ^stoge^^ fo^^^^^^ 
presenting the cant to the steering rolls 386 and 388 and crowding rolls 392 and 394. Steering 
rolls 386 and 388 and crowdmg rolls 392 and 394 are pre-positioned with slightly larger gap 
between them than the known width of leading edge of the cant to facilitate loading the cant. 

The gangsaw table jumpchains 382 stop, the skew bar pins 384 reteact stid PLG 18 
communicates decision information to the gangsaw motion controller 22. As the leading end of 
the cant enters the gangsaw 310 (gangsaw 16 m Figure 1). the pressroUs 378 lower in sequence 
to hold the cant as it passes under each pressroll 378. As the cant approaches the saws 424 (saws 
52 in Figure 1) the motion controller 22 closes the gap in direction C", between the steering and 
crowding rolls, and positions the two driven steering rolls 386 and 388 according to the profile 
determined by optimizer 24. The two non-driven crowdmg rolls 392 and 394 now engage into a 
pressure mode and are applied to provide a counter force on the cant opposing the tv; a powered 
steering rolls 386 and 388. The pressure applied by the crowding rolls 392 and 394 follows a 
profile determined by optimizer 24. The pressure mode ensures that the cant 16 remains in cont^t 
witfi the steering rolls 386 and 388 while allowing for anomalies in the cant surface 316c and 316b 
by means of airbags 408 (see Figure 21). The position of the cant as it passes tiirdugh the gangsaw 
is sensed by a photoeyc and encoder 43. 

With a curved cant the stceriiig rolls 386 and 388 andti^^ 
rolls 392 and 394 adjust their position as tfie cant is being fed irito the gangsaw; Tins position 
follows the profile that is sent to the motion controller 22 fix)m optimizer 24 so as to feed the cant 
into tiie saw blades wth the canfs vertical face 316c remaining substantially laterally stationary 
relative to the gmgsaw at the saw blade's fu^t contact point 424a (see Figure 18, looking in 
directiottB"). While the canfsfece 3 16c remains substantial^ horizontal 
direction perpendicular to direction B" at the saw blade's first contact point 424a, the roar portion 
of the cant is in longitudinal motion and in lateral motion depending on the curve of the cant as 



the cant is being fed into and cut by the saw blades. The boards being formed begin to'follow a 
slightly diflFerent path than the cant allowing the saw blades 424 to remain in a Sxed posidon held 
by the gangsaw guides 428. As tiie trailing end of the cant leaves the gaiigsaw positioning table 
376, the jumpchains 382 raise. As the trailing end of the cant passes under each pressroll 378, 
each will raise in sequence so as not to roll off the end of the cant Also, as the trailing end of the 
cant(now boards) leaves tfie gangsaw, the motion controller 22 ends its profile. The crowder rolls 
392 and 394 and the steering rolls 386 and 388 retract so as not to run oiBf the ebd of the cant The 
boards (not shown), which now match the optimized cutting solution that was generated as the 
cant was bdng scanned, leave the gangsaw on the gangsaw outfecd rollcase 410. The boards are 
transported by these rolls to the gang outfccd landing table (not shown). 

As will be apparent to those skilled in the art in the light of the foregoing 
disclosure, many alterations and modifications are possible in the practice of this invention 
without departing ftom the spirit or scope thereof. Accordmgly, the scope of the invention is to 
be construed in accordance with the substance defined by the following claims. 



WHAT IS CLAIMED IS: 

1 , A method of position-based integrated motion controlled curve saWtng con:qprising the 
steps of: 

(a) transporting a curved woricpiece in a downstream direction on a transfer ineans, 
and monitoring workpiece position of said wrkpiece on said transfer tnearis; 

(b) scanning said workpiece through an upstream scanner to measure workpiece 
profiles in spaced apart array along a surface of said workpiece and communicating 
said workpiece profiles to a digital processor, 

(c) computing, by said digital processor, a high order polynomial smoothing curve 
fitted to said array of workpiece profiles of said curved workpiece, and adjusting 
said smoothing curve for cutting machine constraints of downstream motion 
controlled cutting devices to generate an adjusted curve, 

(d) generating unique position cams unique to said workpiece fi:*om said adjusted 
curve for optimized cutting by said culling devices aloi^ a tool path corresponding 
to said position cams, 

(c) sequMcing said transfer means and said workpiece with said cutting devices, and 
sequencing said unique position cams corresponding to said workpiece to match 
said position of said workpiece, 

(0 feeding said workpiece, on said transfer means, longitudihally imo cutting 
engagement with said cutting devices, and actively relatively positioning said 
workpiece and said cutting devices relative to each other accorf^ 
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servo loop iq)dated recalculation, based on said \vorkpiece position, of cutt^ 
engagement target position as said workpiece is fed longitudinally so as to position 
said cutting engagement of smd cutting devices along said tool path. 

2. The method of ddmj^wh^erei said high order polynomial smoothing curve is an n*^ 
degree modified polynomial of the form fl[x) - a^ + ^i., a| x 4- ao , having 
coefficient a„ through a©, and where said co-efficients a„ throi;^ a o are generated by 
said digital processor to correspond to, and for fitting said smoothing curve along, 
corresponding said worlq)iece profiles. 

3. The method of ckJm 1 further comprising the steps of monitoring loading of said cutting 
devices and actively adjusting a fi:cd speed of said feeding of said workpiece to maximize 
said feed speed 



1 5 4. The metfiod of claim 3 further comprising the step of compensating for woriq)iece density 
in said adjusting of said feed speed. 

5. The method of claim 3 fiirfher comprising tiie step of monitoring density of said workpiece 
and compensating for said density in said adjusting of said feed speed. 

20. .. 

6, The method of ciMn 1 wherein said monitoring of said position of said workpiece includes 
encoding transItohaT motion of said transfer means and communicating said encoding 
to said digital processor 

25 7/ The method of claim 6 wherein said monitoring fiarflier comprises commxinicatmg trigger 
signals from in opposed pair of photoeyes, opposed on opposed sides of sa^d transfer 
means, to said digital processor. 
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8. The method of claim j, wherein said cutting devices include cliipiMng heads, M 
comprising the steps of: 

m<Miitoring density of the workpiece, 

monitoring RPM of tiie chipping heads, 

monitoring a feedspeed of die workpiece. 

optimizmg saidRPM of the chipping heads for chip recovery, to prevent chip fines, and 
to equalize chippmg head forces. 

9. The method of c^nUjw*erein said cutting devices comprise first and second sets of 
cutting devices spaced apait along said transfer means, and fiirther comprlstRr the steps 
of skewing said first and second sets of cutting devices about a common axis of rotation, 
and computing, for said first set of cutting devices, a first cuttmg line spaced apart from 
a second cutting line for said second set of cutting devices, said fust and second cutting 
lines computed according to non-linear equations of motion for said first and second sets 
of cutting devices. 

10. A method of position-based integrated motion controlled curve sawing comprising the 
steps of: 

(a) transporting a curved workpiece m a downstream directioii on a t^^ 

and monitoring workpiece position of sMd workpiece on said transfer me^^^ 



(b) scanning said workpiece through an upstream scanner to measure >^ 

profiles in spaced Bpsai anay alonga surface of said W)rkpiece and conrnmnicating 
said workpiece profiles to a digital processor, 

5 <c) computing, by said digital processor, a high order polynomial smoo Jiing curve 

fitted to said array of workpiece profiles of said curvcd Avorkpiece, and adjusting 
said smoothing curve for cutting machine constrainte of downstream motion 
controlled cutting devices to generate an adjusted curve, 

10 (d) genemting unique position cams unique to said workpiece from said adjusted curve 

for optimized cutting by said cutting devices along a tool path corresponding to 
said position cams, 

(e) sequencing said transfer means and said workpiece with said cutting d^vices^ and 
1 5 sequencing said unique position cams corresponding to said workpiece to match 

said position of said workpiece, 

(0 feeding said workpiece, on said transfer means, longitudinally into cutting 
engagement with said cutting devices, and actively relatively positioning said 
20 workpiece and said cutting devices relative to each other acw 

servo loop updated recalculation, based on said workpiece position, of cutting 
engagement target position as said workpiece is fed longitudinally so as to position 
said cutting engagement of said cuttirig devices along said tool pat^^^ 

25 wherein said cutting devices comprise an upstream opposed pair of selectively translatable 

chipping heads cooperating with a downstream active gangsaw. 
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wherein said opposed pair of selectively translatable chipping heads are mounted t(j,%nd 
selectively translatable in a first direction relative to a selectively articulatabie gangsaw 
carriage, 

5 wherein said first direction crosses a linear woikpicce feed path whcrealbng said 

workpiece nmy be linearly fed through said active gangsaw so as to first pass bet>^ 
opposed pair of selectively translatable chipping heads and subsequently pass through said 
gangsaw, 

10 wherein said gangsaw is mounted to said gangsaw carriage arid is selecUvely positionable 

linearly in said first direction and simuhaneously rotatable about a generally vertical axis 
to thereby translate and skew said gangsaw carriage relative to said workpiccc feed path 
by selective positioning means acting on said gangsaw carriage. 

15 11. The method ofdaim 10 wherein said gangsaw carriage is selectively positionable lineM^^ 
in said first direction by means of translation of said gangsaw caniage along linear guides 
mounted to a base, and is simultaneously rotatable about said generally vertical axis by 
means of rotation of said gangsaw carriage about a generally vertical shaft extending 
between said gangsaw carriage and said base. 

^20 - ■■ 

12. The method of claip 10 wherein said Mgh order polynomial anTO 

degree modified polynomial of the form f(x) a „x" + a^,:f-»+...+ aiX + ao, having 
co-efficient a„ through ao, and where said co-efficients a, through a 0 ^a^ 
said digital processor to correspond to, and for fitting said smoothing curve along, 
25 corresponding said workpiece profiles. 

13. The method of claim 10 further comprising the step of stabilizing said workpiece 
downstream and a^Swrt said chipping heads by means of anvils correspondingly 
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translatable with said translation of said chipping heads in said first direction, wherein said 
anvils are formed as chip diverting chutes ^^eieby chips from chipping of said worlq>iece 
are directed away from said feed path* 

5 14, llie method of claim 10 further comprising the steps of monitoring lo;Siing of mid cutting 
devices and activeiyaaiusting a feed spee^ 
said feed speed. 

1 5. The method of claim 14 fijrther comprising the stqp of compensating for workpiece density 
10 in said adjusting of said feed speed. 

16. The method of claim 14 further comprising ihe step of monitoring density of said 
workpiece and comprasaiSng for said density in said adjusting of said feed speed. 

15 17. The method of claim 10 wherein said monitoring of said position of said workpiece 
includes encoding &ansIational motion of said transfer means and communicating said 
encoding to said digital processor. 

18* The method of claim 17 whciein said monitoring further comprises communicati^ 
20 signals from an opposed pair of photoeyes, opposed on opposed sides of said transfer 

means, to said digital processor. 

1 9. The method of claim 10, wherem said cutting devices include chipping heads, further 
comprising the steps of : 



monitoring density of the workpiece, 
monitoring RPM of the chipping heads^ 
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monitoring a feedspeed of the workpiece. 

optimizing said RPM of the chipping heads for chip recovery, to prevent ch^y fines, and 
to equalize chipping head forces. 

.5 

20. A method of position-based integrated motion controlled curve savving comprising the 
steps of: 

(a) transporting a curved woikpiccc in a downstream direction on a transfer mams, 
0 and monitoring v^rorlcpiece position of said workpiece on said transfer means, 

(b) scanning said worlqjiece through an upstream scanner to measure workpiece 
profiles in spaced apart array along a surfece of said woikpiece and communicating 
said worlq>iece profiles to a digital processor, 

5 

(c) computing, by said digital processor, a high order polynomial smoothmg curve 
fitted to said array of workpiece profiles of said curved workpiece, and adjusting 
said smoothing curve for cutting machine constraints of downstream motion 
controlled cutting devices to generate an adjusted curve, 

) . . ,: ■ 

id) generating unique position cams unique to said workpiece from said adjusted 

curve for optunized cutting by said cutting devices along a tool path cOR^^^ 
to said position cams, 

^ (e) sequendngsaidttansfameah^ 

seqitencing said umque position cams corresponding to said workpiece to mate 
said position of said worl^iece. 




(Q tcioislaliiig said \vDiiq)iece, on transfer means, dovv^^ 

engagement with positioning means adjacent and upstieam of said cuttirig^^devices; 

(g) feeding said workpiece along a transfer path longitudinally from said posftidning 
5 means into cuttmg engagement with said cutting devices, and actively telatively 

positioning said workpiece and said cutting devices relative to each other 
according to a lime-based servo loop updated recalculalidn, based 
worlqjiece iK)sition, of cutting engagement target position as said worlqp^ 
longitudinally so as to position said cutting engaganttit of said cutting devices 
10 along said tool path, 

wherein said positioning means is a positioning roll case and includes means for 
selectively dcewed pre-positioning of said workpiece upstream of a selc^ely and 
actively positionable cant reducing means for forming a curved third face on a rough face 
15 of said workpiece, 

an upstream pair of opposed selectively actively positionable workpiece guides and a 
downstream pair of opposed selectively actively positionable workpiece guides for 
actively guiding said workpiece, said upstream pair of guides being downsti^ara of said 
20 workpiece reducing means and said downstream pair of guides being upstream of gang 

saws mounted on a saw arbor, 



said upstream and downstream pair of guides aligned, with one guide of each pair of 
guides generally corresponding to said workpiece reducing means on a fuxt side of said 
25 transfer path, said opposed guides in sdd two pairs of guid 

opposing side of said worlq)iecc transfer path and generally digned with a second 
positioning means along said transfer path, said second positioning means in opposed 
relation to said workpicc« reducing racaiis laterally across said 
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The method of claiiit20wherein said high order polynomial smoothing cum is aii n* 
degree modified polynomial of the fbmi f{x) = ajc» + a ^\ +.^a , x -K a^^ . having 
co-efficiem a„ through ao, and where said co-e£Bcients a, through a 0 are gsaerated hjr 
said digital processor to correspond to, and for fitting sidd smoofting coj^ 
corresponding said workpiece profiles. 

The method of claiurgOwhercin said gangsaws and saw arbor arc selectively actively 
positionable both laterally across said transfer pa& and rotationally atxsut ah axis of 
rotation perpendicular to said transfer path so as to orient said gatigsaws for s^d cutting 
engagement along said tool path so as to form a curved fece on a rough face of said 
woikpiece and so as to form a corresponding array of paraUel cuts by sad gan^aws 
corresponding thereto. 

The method of cbim 20 wherein said selectively actively posi tionable workpiec?- reducing 
means is an opposed pair of selectively actively positionable chipping heads in spaced 
apart relation on either side laterally across said transfer path. 

The mefliod of claim 20 wherein said pairs of selectively actively positionable workpicce 
guides include actively positionable guides on the side of said workpiece corresponding 
to said actively positionable workpiece reducing means and oh the opposiiig side laterally 
across said transfer path, said workpiece guides on said side of said transfer path 
corresponding to said second positioning means. 

the method of claim 20 further comprising the step of stabilizing said workpiece 
downstream and aljicSit said chipping heads by means of anvils correspondingly 
translatable with said translation of said cWpping heads i^ 

anvils are formed as chip diverting chutes whereby chips fiom chipping of said woii^iece 
are directed away from said feed patii. 



26. The mclhod of clairalOfimher comprising the stej^ of skewing said cWppii^ heads and 
said gangsaw about a common axis of rotation^ and computing, for each of said chipping 
heads, chipping lines spaced apart from a sawline calculated for said gangsaw, said 
chipping lines and said saw line computed accordingto non-Bncar equations of motion for 

5 said chipping heads and gangsaw respectively, 

27. The method of cl^m^6jRirther comprising the stqjs of detecting potential side board 
material in said workpiece j&om said workpiece profiles, and computing said chipping 
lines and sawline so as to accurately cut a side boaid of controlled thickness therebetween 

10 during said feeding of said workpiece. 

28. The method of claim 20, wherein said cutting devices include chipping heads, further 
comprising the st^s-of: 

115 monitoringdensity of the workpiece, 

monitoring RPM of the chipping heads, 

monitormg a feedspeed of the woricpiece- 

20- 

optimizing said RPM of the chipping heads for chip recov^^ 
to equalize chipping head forces. 

29. The method of claim 1,1 0^or20ftohercoinpri 

25 bulges on said workpiece and reducing said flares or bulges by a workpiece reducing 

means upstream of said cutting devices. 
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30. A method of position-based integrated motion controlled curve sawng comprising the 
steps of: 

(a) transporting a curved vwrkpiece in a downstream direction on a transfer means, 
and monitoring workpiece position of said woikpiece on said transfe means, 

(b) scanning said workpiece through an upstream scanner to measure workpiece 
profiles in spaced apart array along a sur&ce of said workpiece and commimicating 
said workpiece profiles to a digital processor, 

(c) computing, by said digital processor, a high order polynomial smoothing curve 
fitted to said array of worlqjiece profiles of said curved workpiece, and adjusting 
said smoothing curve for cutting machine constraints of downstream motion 
controlled cutting devices to generate an adjusted curve, 

(d) generating unique position cams unique to said workpiece from said adjusted 
curve for optimized cutting by said cuVtmg devices along a tool path corresponding 
to said position cams. 



20 (e) sequencing said transfer means and said workpiece with said cutting devices, and 

sequencing said unique position cams corresponding to 
said position of said workpiece, 

(f) translating said workpiece, on transfer means, downstream firom said scaimer into 

25 

(g) feeding said workpiece longitudinally firom said positioning means into cutting 
engagement witii said cutting devices, and actively relatively positioning said 



workpicco and said cutting devices relative to each dth^ according to a time-based 
servo loop updated recalculation, based on said workpiece position, of cutting 
engagement target position as said woriq>iece is fed longitudinally so as to position 
said cutting engagement of said cutting devices along said tool path» 

■5 

wherein a first cutting device of said cutting devices comprises a workpieCe 
profiling means for opening at least a third longitudinal face on a workpiece, 
wherein said third fece is generally perpendicular to first and second opposed 
generally parallel and planar faces of said workpiece, and ourved in 
10 correspondence with said position cams so as to form an optimized profile along 

said third face, 

(h) transferring, on said transfer means, said workpiece from said workpiece profiling 
means to a workpiece skewing and prc-positioning means, 

15 

(i) selectively and actively controllable positioning of said workpiece on said skewing 
and pre*positioning means for selectively aligned feeding of said workpiece 
longitudinally into workpiece guiding means, 

20 (j) selectively actively laterally guiding and longitudinally fee^ 

saiid guiding means as said workpiece is tmi^lated between said workpiece 
skewing and pre-positioning means and a lateral array of genera 
aligned spaced apart saws so as to position said third face of smd workpiece for 
guiding engagement with workpiece positioning meaM 

25 guiding means, 

(k) selectively actively applying lateral positioning force, by said positioning means, 
to said durd face to selectively actively position said workpiece within said 
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woricpiece guiding means as said workpiece is fed longitudinally into said lateral 
array of generally vertically aligned spaced ^)art sam 

A method of position-based integrated mottdn controUed curve sawing comprising the 
steps of: 

(a) transporting a curved workpiece in a downstream direction on a transfer means, 
and monitoring workpiece position of said workpiece on said transfer means, 

(b) scanning said workpiece through an upstream scanner to measure workpiece 
profiles in spaced ^jart array along a surface of said workpiece and communicating 
said workpiece profiles to a digital processor, 

(c) computiiig, by said digital processor, a high order polynomial smoothing curve 
fitted to said array of workpiece profiles of said curved workpiece, and adjusting 
said smoothing curve for cutting machine constraints of xbwnstrepm motion 
controlled cutting devices to generate an adjusted curve, 

(d) generating unique position cams unique to said workpiece from said adjusted 
curve for optimized cutting by said cutting devices along a tool path c 

to said position cams, 

(e) sequencing said transfer means and said woricpiece vrith said cutting devices, and 
sequencing ssdd unique position cams corresponding to said workpiece to match 
said position of said workpiece, 

(f) translating said workpiece^ on transfer means, downstream fipom said scanner into 
engagement with positioning means adjacent and upstream of said cutting devices. 



(g) feeding said workpiece longitudinally from said positioning means into cutting 
engagement with said cutting devices, and actively relatively positioning said 
workpiece and said cutting devices relative to each otheracconling to time-based 
servo loop updated recalculation, based on said worl^iece pbsitiott^^of cutting 
engagement target position as said workpiece is fed longitudinally so mtx> position 
said cutting engagement of said cutting devices along smd tool pat^^ 
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(h) profiling, in said cutting dewes, a workpiece by a workpiece profilitig means to 
open at least a third longitudinal face on a workpiece wherein said third face is 
generally peipendicular to said first and second opposed generally parallel and 
planar faces of said workpiece, said profiling according to said position cams 
generated for said workpiece so as to form an optimized profile along said third 
face. 



;i5 



(i) transfening said workpiece by said woricpiece transfer means from said workpiece 
profiling means to a workpiece skewing and pre-positioning means. 



20 



Q) skewing and pre-positioning said workpiece by said workpiece skewing and pre- 
positioning means to selectively and actively controllably position said workpiece 
for selectively aligned feeding of said workpiece longitudinally into workpiece 
guiding means. 



25 



(k) guiding said workpiece by said woricpiece guiding means for selectively actively 
laterally guiding and longitudinally feeding said workpiece as said workpiece is 
translated between said workpiece skewing pre-positioning means and a lateral 
array of generally vertically aligned spaced apart saws. 
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(1) positioning said third face of said worlq>iece by second ^wd^iofe jkjsatib^^ 
means within said workpiece guiding means so as to position said third of said 
workpiece for guiding engagement with said woikpiecc positioiiingnicans, said 
woriq)iece positioning means for selectively actively applyii^ lateral positiohing 
force to said third fece to selectively actively position said worlcpiecc witiiin said 
workpiece guiding means as said woricpiece is fed longitudinally into ^aid latenil 
array of generally vertically aligned spaced apart saws, 

(m) feeding said workpiece longitudinally fiom saidworki»«!ce guidmg means into said 
lateral array of generally vertically aligned spaced apart saws. 

The method of daim 30 wherein said workpiece profiling means opens bofli said third and 
a fourth longitudinal face on said workpiece wherein said third and fourth faces are 
generally perpendicular to said first and second opposed generally parallel planar faces of 
said workpiece and are themselves generally opposed faces, and wherein within said 
workpiece guiding means said woricpiece positioning means comprise laterally opposed 
first and second positioning force means corresponding to said third and fourfli faces 
respectively to, respectively, oitively spply lateral positioning foree to selectively actively 
position said vrorkpiece within said workpiece guiding means. 

The method of clmm 3 1 wherein said workpiece profiling means opens both said third and 
a fourfli longitudinal fece on said workpiece wherein said third and fourth faces are 
generally perpendicular to said first and second opposed generally parallel planar faces of 
said workpiece and are themselves generally opposed faces, and wherein widiin said 
workpiece guiding means said woricpiece positioning means comprise laterdly opposed 
first and second positioning force liieans conrcsponding to said third and fourth faces 
respectively to, respectively, actively apply lat^al positioning force to selectively actively 
position said workpiece within said workiMece guiding means. 



34. The method of claim 32 wberein said first and second laterally opposed posifionihg force 
means each comprise a longitudinally spaced apart plurality of positioniiag force m^s. 

35. Hie me&od of claim 33 wherein said first and second laterally opiWsedpo^iliprdngfottS^ 
means each comprise a longitudinally spaced apatt ptarality of positioning force means. 

36. The method of claim 34 wherein said first positioning force means include, wlieri in 
guiding engagement with said third face, longitudinal driving means for urging said 
workpiece longitudinally withm said workpiece guiding means. 



10 . . 

S 37. The method of claim 35 wherein said first positioning force means include, when in 
m guiding engagement with said third face, longitudinal driving means for urging said 

fy workpiece longitudinally within said workpiece guiding means. 

1^5 38. The method of claims 20, 30 or 3 1 fiirther comprising the steps of monitoring loading of 
O said cutting devices and actively adjusting a feed speed ofsaid feeding of said workpiece 

m to maximize said feed speed. 

H 39. The method of claim 38 fiirfl^ 

20 in said adjiisting of ssdd feed speed 

40, The method of claim 38 further comprising 
workpiece and compensating for said density 

25 4L The method of claims 20^30 or 31 wherein ^dmonttoring of said position of said 
workpiece includes encoding translational motion of said transfer means smd 
commumcating said encoding to s^d digital processor. 



56 



42. The method of claim 41 wherrin said momttJm 

signals fiom an opposed pair of photoeyes» opposed on opposed sides of said transfer 
means, to said digital processor. 

5 43. 'fhe method of claims 30 or 3 1, wherein said cutting devices include chipping heads* 
further comprising the steps of: 

monitoring density of the workpiece, 

10 monitoring RPMofthe chipping heads, 

monitoring a feedspeed of the woricpiece. 

optimizing said RPM of the chipping heads for chip recovery, to prevent chip tines, and 
15 to equalize chipping tiead forces, 

44, A position^based integrated motion controlled curve sawing device comfdsing an 
upstream opposed pair of selectively translatable chipping heads cooperating with a 
downstream active gangsaw, 

20 ; , . 

wherein said opposed pair of selectively translatable chipping heads are mounted to, and 

selectively translatable in a first direction relative to a selecti^^ 

carriage, 

25 wherein said first direction crosses a linear w^ path wherealong said 

woricpiece may be linearly fed through said ac^ 

opposed pair of selectively translatable chipping heads and subsequently pass through said 
gangsaw, 
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wherein said gangsaw is mounted to said gangsaw cairiage and is selectively positiohable 
linearly in said first direction and simultaneously rotatabie about a generally vertical axis 
to thereby translate and skew said gangsaw carriage relative to said workpicce feed path 
by selective positioning means acting on said gangsaw carriage; 

45* The device of claim 44 wherein said gangsaw carri^e is selectively positionable linearly 
in said first direction by means of translation of said gangsaw carriage along linear guides 
mounted to a base, and is simultaneously rotatabie about said generally vertical axis by 
means of rotation of said gangsaw canriage about a generally vertical shaft extending 
between said gangsaw carri^e and said base. 

46. The device of claim 44 fiirther comprising anvils for stabilizing said workpiece 
downstream and adjacent said chippii^ heads, said anvils correspondingly tx-anslatable 
with said translation of said chipping heads in said fiist direction, wherein said anvils s^e 
formed as chip diverting chutes whereby chips from chipping of smd worlqpiece are 
directed away from said feed path. 

47. A position-based integrated motion controlled curve sawing device comprising positioning 
means for selectively skewed pre-positioning of a workpiece, selectively translatable along 
a transfer path, upstream of a selectively and actively positionable cant reducing means for 
forming a curved third face on a rough face of said workpiece, 

an upstream pair of opposed selectively actively positionable workpiece guides and a 
downstream pair of opposed selectively actively positionable workpiece guides for 
actively guiding said workpiece, said upstream 

workpiece reducing means and said downstream pair of guides being upstream of gang 
saws mounted on a saw arbor, 

5S 
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said upstream and downstream pair of guides aligned, with one guide of each pair of 
guides generally corresponding to said workpiece reducing means on a first side of said 
transfer path, said opposed guides in said two pairs of guides in opposed reJadon on said 
opposing side of said workpiece transfer path and generally aligned with a second 
positioning means along said transfer path, said second positioning means in opposed 
relation to said workpiece reducing means laterally across said transfer path. 

48. The device of claim 47 wherein said gangsaws and saw arbor are selectively actively 
positionable both laterally across said transfer path and rotationally about an axis of 
rotation perpendicular to said transfer path so as to orient said gangsaws for said cutting 
engagement along an optimized tool patii so as to fomi a curved face on a rough face of 
said workpiece and so as to form a corresponding array of parallel cuts by said gangsaws 
corre^nding thereto. 



?^ 15 49. 
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The device of claim 47 herein said selectively actively positionable workpiece reducing 
means is an opposed pair of selectively actively positionable chipping heads in spaced 
apart relation on either side laterally across said transfer path. 

The device of claim 49 further comprising anvils for stabilizing said workpiece 
downstream and adjacent said chipping heads, said anvils correspondingly translatable 
with said translation of said chiH)ing heads m said first direction, wherein said anvils are 
formed as chip diverting chutes whereby chips from chipping of said workpiece are 
directed away from said feed patii. 

A position-based integrated motion controUed curve sawing device comprising a 
workpiece profiling means for opening at least a tiiird longitudinal face on a workpiece, 
wherein said third fece is generally perpendicular to first and second opposed generally 



59 



MWl 'ir^^H 9111 PSAI 9083 



parallel and planar faces of said workpiece and curved in correspondence with position 
cams so as to fonn an optimized profile along said third face, 

workpiece transfer means for transferring said worlqpiece from said wotkpicce profiling 
5 means to a workpiece skewing and pre-positioning means, 

workpiece skewing and pro-positioning means for selectively and actively controllable 
positioning of said workpiece for selectively aligned feeding of smd workpiece 
longitudinally into workpiece gmding means, 

10 

! workpiece guiding means for selectively actively laterally guiding and longitadinally 

feeding said workpiece as said workpiece is translated between said workpiece skewing 
and pre-positioning nieans and a lateral array of generally verticaUy aligned spaced 
saws so as to position said thiid face of said workpiece for guiding engagement with 

\s workpiece positioning means, within said workpiece gwding means, 

workpiece positioning means for selectively actively applying lateral positionittg force to 
said third face to selectively actively position said workpiece within said workpiece guide 
means as said worlgjiece is fed k>ngitudinally into said lateral arr^ of generally vertu^ 

20 aligned spaced i^art saws. 

52. The device ofclaim 51 v*ercin said workpie^ 

and a longitudinal fourth face on said workpiece, Therein smd to 
generaUy perpendicular to said first and second opposed generally paraUelp 
25 said workpiece and fffc themselves generally opposed feces, and wherein witlun said 

workpiece guiding means said workpiece positioning means compri se laterally opposed 
first and second positioning force means conesponding to said third and fourth faces 
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respectively to, respectively, actively apply lateral positioning force to selectively actively 
position said workpicce within said workpiccc guiding means- 

53. The device of claim 52 wh«^in said first and second laterally opposed positioning force 
5 means each comprise a longitudinally spaced apart plurality of positioning force means. 

54. The device of claim 53 wherein said first positioning force means include, when in guidkig 
engagement with said third face» longitudinal driving means for urging said workpicce 
longitudinally within said workpicce guiding means, 

Jl; 55. A position-based integrated motion controlled curve sawing device comprising transfer 
y means for transporting a curved workpiece in a downstream direction and monitoring 

S means for monitoring workpiece position of said woricpiccc on said transfer means, an 

Ji upstream scanner for scanning said workpiece through an upstream scanner to measure 

i5, workpiece profiles in spaced apart array along a surface of said workpiece and 

hi conununication means for commuiucating said woriq)iece profiles to a digital processor, 

l2 said digital processor computing a high order polynomial smoothing curve fitted to said 

array of workpiece profiles of said curved workpiece, adjusting said smoothing curve for 
cutting machine constraints of downstream motion controlled cutting devices to generate 
20 an adjusted curve, generating unique position cams unique to said workpiece from said 

adjiistcd Curve for optimized cutting by said cutting devices along a tool path 
corre^nding to said position cams, sequencing said transfer means and said y/orkpiece 
with said cutting devices, and sequencing sdd iiruque position carn^ 
workpiece to match said position of said workpicce^ said transfer means feeding said 
25 workpiece longitudinally into cutting engagement wilh said cutting devices, positioning 

means actively relatively positioning said woricpicce and said cutting devices relative to 
each other according to a time-based servo loop updated recalculation; based on said 
workpicce position, of cutting engagement target position as said workplace is fed 
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longitudinally so as to position said cutting engagement of said cutting devices along said 
tool path. 

A position-based integrated motion controlled curve sawing device according to claim 55 
further comprising an upstream opposed pair of selectively translatable chipping hekds 
cooperating with a downstream active gangsaw, 

wherein said opposed pair of selectively translatable chipping heads are mounted to, and 
selectively translatable in a first direction relative to a selectively articulatabfe gangsaw 
carri£^c, 

wherein said first direction crosses a linear workpiece feed patii whcrealong said 
woiispiece may be linearly fed through said active gangsaw so as to first pass between said 
opposed pair of selectively translatable chipping heads and subsequently pass through said 
gangsaw, 

wherein said gangsaw is mounted to said gangsaw carriage and is selectively positionable 
linearly in said first direction and simultaneously rotatable about a generally vertical axis 
to thereby translate and skew said gangsaw carriage relative to said workpiece feed path 
by selective positionij^ means acting on said gangsaw carriage. 

The device of claim 56 whercm said gangsaw carriage is selectively positionable linearly 
in said first direction by means of translation of said gangsaw carriage along linear guides 
mounted to a base, and is simultaneously rotatable about said generally vertical axis by 
means of rotation of said gangsaw carriage about a generally vertical shaft extendmg 
between saiid gangsaw carriage and said base. 
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58. The device of claim 56 further comprising anvils for stabilizing smd 
downstream and adjacent said chipping heads, said anvils correspondingly t^slatable 
with said translation of said chipping heads in sad first direction, wherein said anvils are 
formed as chip diverting chutes whereby chips from chipping of said workpicra arc 

5 directed away from said feed path. 

59. A positionrbased integjcated motion controlled curve sawing device accordiilg to claim 55 
further compriang positioning means for selectively skewed pre-positiotiing of a 
workpiece, selectively translatable along a transfer path, upstream of a selectively and 

10 actively positionable cant reducing means for forming a curved third face on a rough face 

of said worlq>iece, 

an upstream pair of opposed selectively actively positionable workpiece guides and a 
downstream pair of opposed selectively actively positionable workpiece guides for 
1 5 actively guiding said workpiece, said upstream pair of guides being do\ynstreain of said 

workpiece rcducmg means and said downstream pair of guides beiiig upstream of gang 

saws mounted on a saw arbor, 

said upstream and downstream pair of guides aligned, with one guide of each pair of 
20 guides generally concsponding to said workpiece reducing means on a first side of said 

transfer path, SMd opposed guides in said two pairs of guides in opposed reM^ 
opposing side of said workpiece transfer patii and generally aligned with a secotJd 
positioning means along said transfer path, said second positioning means in opposed 
relation to said workpiece reducing means laterally across said transfer path. 



25 



60. The device of claim 59 wherein said gangsaws and saw arbor are selectively actively 
positionable botii laterally across said transfer path and rotationally about an axis of 
rotation perpendicular to said transfer path so as to orient said gangsaws for said cutting 
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engagement along an optimized tool path so as to form a cinved face on a rough face of 
said woriqpiece and so as to form a corresponding array of pacallel cuts by said gangsaws 
corresponding Aereto, 

5 61 . The device of claim 59 wherein said selectively actively positionable workpiece reducing 
means is an opposed pair of selectively actively positionable chippinjg heads in spaced 
apart relation on eitiier side laterally across said transfer path. 

62. The device of claim 61 further comprising anvils for stabilizing said workpiece 
?0 downstream and adjacent s^d chipping heads, said anvils correspondingly translatable 

3 with said translation of sdd chipping heads in said first direction, wherein smd anvils arc 

g Ibraied as chip diverting chutes whereby chips from chipping of said workpiece are 

^ directed awEQr from said feed path, 

ji5 63, An integrated motion controlled curve sawing device according to claim 55 further 
comprising a workpiece profiling means for opening at least a third longitudinal face on 
J a workpiece, wherein smd third face is generally perpendL^ 

I generally parallel and planar faces of said workpiece and curved in correspondence with 

i position cams so as to form an optimized profile along said third face, 

20 

workpiece transfer means for transferring said workpiece from said workpiece profiling 
meaiis to a workpiece skewing and pre-positioning means, skewing and pre-positioning 
means, 

25 workpiece skewing and pre-positioning means for selectively and actively controllable 

positioning of said woricpiece for selectively aligned feeding of said workpiece 
longitudinally into workpiece guiding means. 
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workpiece guiding means for selectively actively totally guiding and longitudinally 
feeding said workpiece as said workpiece is translated between said workpiece skewing 
and pre*positioning means and a lateral array of generally verdcally aligned spaced apart 
saws so as to position said third &ce of said workpiece for guiding engagement with 
5 workpiece positioning means, within said workpiece gmding^m^ 

woriq)iece positioning means for selectively actively applying lateiral positioning force to 
said third face to select! vely actively position said workpiece within sd 
means as said workpiece is fed longitudinally into said lateral anray of generally vertically 
10 aligned spaced apart saws« 

The device of clsdm 63 wherein said workpiece profiling means opens both said third face 
and a longitudinal fouitii fece on said workpiece, wherein said third and fourth faces are 
generally perpendicular to said first and second opposed generally parallel planar faces of 
said workpiece and are themselves generally opposed faces, and wherein within said 
workpiece guiding means said workpiece positioning means comprise laterally opposed 
first and second positioning force means corresponding to said third and fourth faces 
respectively to, i«pcctively, actively apply lateral positioning force to selectively actively 
position said workpiece within said workpiece guiding means. 

The device of claim 64 wherein said first and second laterally opposed positioning force 
means each comprise a longitudinally spaced sp^rt plurality of positioning force means. 

The device of claim 65 wh^em said first positioning force means include, when in guidmg 
engagement with said third face, longitudinal driving means for ui:gmg said workpiece 
longitudinally within said workpiece guiding means. 
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67. The device of claims 55, 56, 59 or 63 further comprising a load monitor, for Monitoring 
' loading ofsaid cutting devices, cooperating wth means for actively adjusting a f 

of said feeding of said workpiece to maximize said feed speed. 

5 68. The device ofclaim 67 fiirther comprising means for compensating for workpiece density 
cooperating witti said means for actively adjusting said feed speed, 

69. The de>dce ofclaim 67 further comprising a density monitor for monitoring density ofsaid 
workpiece and means for compensating for sjud density in said adjusting of said feed 

10 speed. 

S 70. The device of cldms 55, 56, 59 or 63 v^erein said position monitor for monitoring ofsaid 

=1 position of s^d workpiece includes a translational motion encoder for encoding 

5 translational motion ofsaid transfer means and means for communicating said encoding 

^^5 to sdd digital processor. 

y 71. The device of claim 70 wherein said position monitor fiirther comprises an opjjosedpak 

h& of photoeyes, opposed on opposed sides of said transfer means, and means for 

^1 communicating trigger signals from said photoeyes to said digital processor. 

20 
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Abstract of thg Pis^lggua 



A method of position-based integrated motion controlled curve sawiuij includes 
the steps of: transporting a curved workpiece in a downstream direction on a transfer, and 
5 monitoring position of the workpiece on the transfer, scanning the worlq>iece through an upstream 
scanner to measure workpiece profiles in spaced apart array, along a surface of the workpiece and 
communicating the workpiece profiles to a digital processor, computing by the digital processor, 
a high order polynomial smoothing curve fitted to the array of workpiece profiles of the curved 
workpiece, and adjusting the smoothing curve for cutting machine constraints of downstream 
II) motion controlled cutting devices to generate an adjusted curve generating unique position cams 

}^ imique to the workpiece from the adjusted curve for optimized cutting by the cutting dr vices along 

fll a tool path corresponding to the position cams, sequencing the transfer and the workpiece with the 

] r cutting devices, and sequencing the unique i>osition cams corresponding to the workpiece to match 

£: the position of the workpiece feeding the worlqjiece, on the transfer, longitudinally nto cutting 

B engagement with the cutting devices, and actively relatively positioning the workpi^ice and the 

p cutting devices relative to each other according to a lime-based servo loop updated recalculation, 

p based on said workpiece position, of cxitting engagement target position as the workpiece is fed 

lT longitudinally so as to position the cxitting engagement of the cutting devices along the tool path. 
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Smoothing and generation of curve 

The process of generating a curve and smoothing the data is dbne in three steps. 

1 . From the discrete laser readings, generate an nth degree polynomial of the format: 

2. From the polynomial, calculate new discrete points at the same laser locations. 

3. Apply the curve sawing constraints to the discrete points: 

• maximum angie from center I^^^ 

• maxunum radius 
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date of this application: 



Pending United States applications 
Serial No. 60/013.803. filed March 21. 1996 : 
Serial No. 60/015.825. filed April 17. 1996 : and 
Serial No. 60/025.086 . filed August 30. 1996 . 



I hereby appoint: 



NAME 


Reg. No. 


NAME 


Reg. No. 


Andrew E. Taylor 


17,000 


Douglas E. Jackson 


28,518 


Walter C. Gillis 


22,086 


B. Aaron Schulraan 


31,877 


Marvin Petry 


22,752 


Linda R. Poteate 


36,255 


Thomas P. Sarro 


19,396 


Harold L. Novick 


26,011 


Ross F. Hunt, Jr. 


24,082 


Kevin J. Dunleavy 


32,024 


William E. Jackson 


24,016 


Paul A. Roberts 


P40,289 



all of the firm of LAggON & TAYLOR, 727 23rd Street South, Arlington, Virginia, tele phone no. 
(703) 920-7200, fecsimile no. (703) 892-8428, my attorneys, jointly and individually, to prosecute 
this application and to transact all business in the Patent and Trademark Office connected therewith. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are beUeved to be true; and fiuther that these statements 
were made with the knowledge that wilful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such wilfiil false statements may jeopardize the validity of the appHcation or any patent issuing 
thereon. 



Full name of sole 

or first Inventor:, Joe B^ K emiedy j 



Inventor's signature: 



Date: ^ 7^/99? 





Residence Address: Salmon Arm, British Columbia, Canada 



Citizenship: 




Post Office Address: 



P.O. Box 8 

3550 - 45th Street, S.E. 

Sahnon Arm, British Columbia, Canada 



VIE 4N2 




Full name of second Inventor: 
Inventor's signature: 
Date: 

Residence Address: 

Citizenship: 

Post Office Address: 




Roland Davyduke ^^J~0O 

Salmon Arm, British Columbia, Canada 

Canadian 

P.O. Box 8 

3550 - 45th Street, S.E. 

Salmon Arm, British Columbia, Canada 

VIE 4N2 




Full name of third Inventor: , ^ Jame^G. Jackson, ^^OO 
Inventor's signature: 
Date: 

Residence Address: 
Citizenship: 
Post Office Address: 



Salmon Arm, British Columbia, Canada 

44x 



Canadian 



P.O. Box 8 

3550 - 45th Street, S.E. 
Salmon Arm, British Columbia, Canada 
VIE 4N2 



Full name of fourth Inventor: lames'^ Hdmiebauer '~f'~0o 



Inventor's signature: 
Date: 

Residence Address: 

Citizenship: 

Post Office Address: 




Sa hnon Arm, British Columbia, Canada 
Canadian ^~/^/^ 
P.O. Box 8 

3550 - 45th Street, S.E. 

Salmon Arm, British Columbia, Canada 

VIE 4N2 



Full name of fifth Inventor: 
Inventor's signature: 
Date: 

Residence Address: 

Citizenship: 

Post Office Address: 




Salmon Arm, British Columbia, Canada 

Canadian 

P.O. Box 8 

3550 -45th Street, S.E. 

Sahnon Arm, British Columbia, Canada 

VIE 4N2 



Full name of sixth Inventor: Brian^fr^ --Q ^ 



Inventor's signature: 
Date: 

Residence Address: 

Citizenship: 

Post Office Address: 



7] — ^ 



f4> 



2 seer l^^7 



Salmon Arm, British Columbia, Canada 

Canadian 

P.O. Box 8 

3550 - 45th Street, S.E. 

Salmon Arm, British Columbia, Canada 

VIE 4N2 



Full name of seventh Inventor: John Sergeant ^7 ^ 



Inventor's signature: 
Date: 

Residence Address: 

Citizenship: 

Post Office Address: 





Salm on Ann , British Columbia, Canada 

Canadian 

P.O. Box 8 

3550 - 45th Street, S.E 

Salmon Arm, British Colimibia, Canada 

VIE 4N2 
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